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I. Introduction

In 2021, the Maine Legislature passed 125 An Act to Prohibit Aerial Spraying of
Glyphosate and Other Synthetic Herbicides for the Purpose of Silvicultuigebill was
subsequently vetoedndExecutive Ordedl FY 20/21(EO)was issuedThe EO directs the
Board of Pesticides ContrBPC), in consultation with the Maine Forest Servib#S) and
other stakeholders and interespedties to review and amend rules related to the aerial
application of glyphosate and ott®mthetic herbicides for the purpose of silvicultuneluding
reforestation, forest regeneration, or vegetation contriarestryoperationsThe major
provisionsfor comgeting these directives include:

A. A review of the existindgpest management practices (BMRg)aerial application of
herbicides including:

a. A review of the findings and recommendations of the independent assessment on
agial applications conducted 2020.

b. A review of the current international scientific literature regarding the aerial
application of herbicides for forestry purposes, taking into account the species
addressed in other states and countries.

c. Areview of Integrated Pest Managem@mM) guidelines as they apptp aerial
application of herbicides for forestry purposes to assess the relative effectiveness and
costs of other treatment methods.

B. Development of a surface water quality monitoring effort to focus on aerial application of

herbicices in forestry to be conducted in 2022.

C. Areview undertaken by the Department of Inland Fisheries and Wildlife to assess
wildlife habitat impacts related to sites treated by aerial application of herbicides.

D. A review of the existing regulatory framewodt faerial application of herbicides in
forestry operations, to include:

a. A proposal to amend the rules to expand the buffers and setbacks to further protect
rivers, lakes, streams, ponds, brooks, wetlands, wildlife and human habtatsther
natural resorces.

b. A proposal to amend rules to expand the buffer for areas next toigeAseas
Likely to be Occupied (SALO) and other sensitive areas to include farming
operations.

E. A series of public meetings to share and obtain public input on the resulésref/iw
before finalizing.

The full text of the Executive Order is provided in Addendum E.
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A. ResourceConsiderations

Although thetasks laid out in th&O were ambitious, BPC staffiade every effort to complete
themin-housein the timeline directed in the EO. Howevtitrereare twoareas wher8PC staff
determined theyo not have specific expertisEhese areas of expertise includgcurrent
international scientific literature regarding the aerial application of herbicides for forestry
purposesconsideringhe species addressed in other states and couam@®) IPM guidelines

as they apply to aerial application of herbicides fwestrypurposes to assess the relative
effectiveness and costs of other treatment metfiddse are entities within the State of Maine
with this expertisehoweverconsultation services from these entitig=re not available during

the timeline within viaich the work needed to lsempleted BPC staff werefortunate to secure

the services of a regional consultadt. Harold Thistleable toprovide adatadrivenresponse to
parts1A and D of the EOA brief biography of Dr. Thistleas well as a listing of the document
contributorsis presented in Addendum BPC conducted the work outlinedtime EOwith
existingfinancialresourcesThe Governor was also amenable to extendingepert back

deadine toFebruary 18, 20220 enable an adequate amount of time for stakeholder review and
comment, bothvritten and as contributed through a stakeholder outreach session, and to avoid
having this review period overlap witheend of year holidays to ensure maximum public
participation.

B. Associated Costs

The consultant work and completed water quality monitoring work required furRi@staff
were able to leveragk30,000 inexisting dedicated funding to cover the consultant work and
$14,383in federal funding to cover the preliminary water quality maniitg work.

Additional fundingtotaling $84,080will need to be secured to cover the costs of the water
guality monitoring work proposed for completion in 2022.

C. Summary of Efforts Completed

This report is a compilation of researahd review work conductdaly multiple entitied
includingBoard of Pesticides Contr@PC) staff, contractordrs. Harold Thistle and Jane
Bonds,Maine Inland Fish and Wildlifetaff, a nationwide survey prepared Bf?C staff and
distributed by the American Association of Pesticide Control OfficeadldSCS Global Services
BPC staff worked withihe listed collaborators to address th&jor provisions of th&O as
follows:
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Provisiors| A and | Dof the E@ A review of the existing best management practices for aerial
applicationof herbicides.

Following discussion with collaborators at the Maine Forest Service (MR&s determined
that provision IA of the EO would be best addressed by expatsgde of the Department of
Agriculture, Conservation and Fores{fyACF). The University of Mainé&chool of Forestry

and the Cooperative Forestry Research Weite contactednd while both entities were
interested in the subject matter, neither afale to accommodate the additional work on such a
short timeline However,DACF staff contacted the regional office of theS. ForesService,

and recently retired U.S. Forest Service employee, Dr. Harold Thistle was recommended.

Dr.Thist e 6 s svere contractedsto addresis pars of IA and ID of theEO. His expertise
in the construction, limitations, and applicatiortloé AgDISP model (nodelingsoftware for
estimating drift fronthe aerial application) proved to be particularly beciafito the successful
development otheevidencebased repostprovided irsection IL

Dr. Thistle further secured the services of Dr. Jane Btmdid in the completion of a review of
the international scientific literaturegarding the aerial application of herbicides for forestry.
This review considered the species addreasedell as the relative effectiveness and costs of
other managementethods Brief biographies of Drs. Thistle and Bonds are provided in
Addendum F.

Provision | B of the EQ Developmenbf a surface water quality monitoring effort to focus on
aerial application of herbicides in forestry to be conducted in 2022

In 2021, BPC staff used existingsources anfitderalfundingto conduct a water quality
scopingstudy of aerially applied herbicidesforestry.This study was used to inform a more
comprehensive water quality monitoring project proposed for completion in 2022. The details of
thecompletedscopingstudy and th@roposed monitoring project are includedddendunD
andsectionlll of this report, respectively

Provision | C of the EO A reviewundertaken by the Department of Inland Fisheries and
Wildlife (DIFW)to assess wildlife habitat impacts related to sites treated by aerial application of
herbicides

BPCand MFSstaff metwith DIFW staff to discusshe scope of provision | C and reasonable

reporting expectatioragre giveravailable monetary and staffing resources and the timeline for
completion TheDIFW literature review is included in sectitvi of this report.
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Work conducted bypIFW and the DACF Maine Natural Areas Program (MNAquently
overlaps and results ancollaboration between these two prograBBC staff met separately
with MNAP to discuss a possible role for this program in the project.

Provision | D of the EO A review of the existing regulatory framework for aerial application of
herbicides in forest operations

Dr. Thistle reviewed existing Maine regulations &edt maagement practicess well as
national regulations relevant to aerial application of herbicides in forest operations. This review
is discussed in sectidhA of this report.

BPC staff also conducted a nationwide surekselevant regulationsrhis survey was
distributedby the American Association of Pesticide Control Offictalstate pesticide
regulatorsA summary of the results of this effort are included irtisad/ of this report.

Additionally, BPC stafhave compiled a narrative summary of regulations relevant to aerial
application of herbicides. These as wellastheBBC best management pract.
application are included asldendum# andC, respectively, in this report.

Further, regulatiosi relevant to aerial application of herbicides in Maine were compiled as a
series of checklistas a part of the SCS Global assessment conducted in 2019. This report and

the associated checklists arelirded in this report as addend&n

Provision | E of the EO A series of public meetings to share and obtain public input on the
results of the review before finalizing
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Il . Report in Response to Directives | A and D of the EO

| SNPAOARS ! LILJ AOI GA 2
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Executive Summary

The State of Maine has commissioned this report on aspedying of herbicide in forestry plantation

site preparation (to help clear a site for planting) and then again, a few years later, to release young
trees from competition for light and other resources by remop plants The report reviews the practice

in Maine and discusses the physics of spraying in the context of these aerial application practices as
conducted in MaineThe report then addresses specific concerns raised regarding these practices
Guidance from Maine BPC shows a modern and nuanced stageling of aerial sprayin@he report
generally shows that aerial spraying in forestry as practiced in Maine can be conducted with very low
risk to human and ecological health when label guidance (federal law) and Maine BPC guidance (state
law) is folloved. Though aerial herbicide application as practiced in Maine is very low risk, it is
AYLRAaaAofS G2 FaaSNU GKFG Wy2 RNATIQ 2F KSNDBbAOARS
ranges are minute when preseniNote that in a typical plantatigrherbicide application will likely only
occur twice in a tree growing rotation spanning decadeseview of alternative practices to accomplish
vegetative control in site preparation and release on Maine plantations reveals that aerial herbicide
applicaion is used because it is the most economical, least damaging to the soil, has the lowest worker
exposure, does not damage commercial species and can be performed in short windows of time
dictated by forest phenology when compared to other spraying presticshould be noted that all
spraying practices have some (if often very low) potential for herbicide Aiifirnatives to herbicide
application include fire (only for site preparation), hand clegrangl no treatment These all have

serious limitatbns and economic as well as other costs, such as air quality concerns with fire, labor
shortage concerns with hand clearjraind loss of production concerns if no treatment is pursued
Recommendations for control of unwanted plant species are includegisns for expanding BPC
guidance. Existing industry and international operating procedures could be invoked as part of Maine
guidance though it is thought that existing guidance is thorodgjie following four recommendations

are made:
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1) Set a maximum windpeed during application at 10 mph for all cases.

2) Set a maximum extent of nozzles on the boom at 75% of helicopter rotor diameter.

3) Require that all anticipated buffers used in aerial application of herbicides in forestry be shown
on all spray plan maps.

4) Require that all ISO standards regarding aerial application and all NAAA best management
practices be used except where specifically overridden by regulation or direction from the State
of Maine.

These recommendations are augmented with a list of suggestédns
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Part | General Discussion and Spray Physics

Introduction
TheState of Maine has requested a review of current scientific and technical understanding regarding

aerial herbicide spraying in preparation and release of forest plantations after harveBtiagoint of

the report is to offer recommendations and optior best management practices (BMPs) that might
augment existing guideline$hese practices directly influence (often determine) whether the activity of
herbiciding in site prep and release can be accomplished without unacceptable risks to human health
andthe environment The report demonstrates that practice, defined as how the application is
conducted (equipment used, equipment agb, and environmental conditions during application) can
result in orders of magnitude difference in afite movement of meerial as well as in the efficacy of the

application.

The report assumes that pesticides used are registered, that all pesticides used are applied according to

pesticide label guidelines (that is to say the pesticides are applied legaltijhat appltators are

11
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trained and registered according to state requiremeritse U.S. Environmental Protection Agency
(USEPA) has determined that for registered pesticides, if the label guidance set forth in the pesticide
labels is followed, the pesticides can beobgd safelyHowever, the State of Maine has requested this
report as an independent evaluation focusing on specific practices used in Maine for forestry site
preparation and release of newly planted plantations from competing vegetafioa report willnot
attempt to summarize the body of toxicological literature available for the relevant active ingredients
used in the various formulated pesticides sprayed in forestry site prep and release in Viaime
literature is generally summarized in risk assessts conducted by the USEPA and US Forest Service

(PesticideUse Risk Assessments and Worksheets (fs$§dThis report will not make any independent

recommendations as to health risks but will provide absolute amounts of pesticides expected to be
encountered at distance from site prep and release applications as presented in the literature and under

a vaiety of modeled, hypothetical conditions

The report will address alternatives to aerial applicationmodern pest management it is always

prudent to take an integrated pest management (IPM) approach and review all options, in this case, for
vegetationmanagementThe range of vegetation management practices available includes mechanical,
cultural, biologicaland chemical option<Chemical application methods may include aerial, heavy
machinery and backpack sprayinghis type of general vegetation dool is not generally approached

with biological contralbut all other approaches have been utiliz&Ince the option taken often comes
down to a cost comparison, a discussion of relative costs will be inclethedhology, climateor other

factors may equirean application occur in a specific (possibly short) time frame, so how quickly a
treatment can be accomplished is often a deciding factbe success or failure (efficacy) of an

operation may also ultimately be expressed as a cost. Collaterabenvémtal damage and such factors

as impact to visual aesthetics and shaerm inconvenience to the public (noise, restricted access, etc.)

may be legitimate impacts of pesticide application but the costs of these impacts are harder to quantify.

As partof the review of BMPs, regulation of forestry practice in other US states, as well as
internationally, will be reviewedrl'he review of existing BMPs and regulation will be utilized alongside
the existing literature to make recommendations in the contex¥iafine forestry as to the safety of
forestry aerial herbiciding in Maine and what additional measures (if any) are needed to ensure the

safety of aerial herbicide application in Maine

The State of Maine will use the report and associated recommois to determine whether this

activity can be conducted without undue risks to human health and the environrtfesat, BMPs will be

12
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https://www.fs.fed.us/foresthealth/protecting-forest/integrated-pest-management/pesticide-management/pesticide-risk-assessments.shtml

reviewed to determine the practices that should be recommended or regulated moving farward
Pesticide labels are consiggl legally binding documentSince Federal law does not encourage state
regulation that is more lenient than Federal regulation, recommendations will affirm pesticide label
guidance, cover areas not currently discussed on pesticide labels or be matetiresthan existing

pesticide label guidance.

oy
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1.0GeneraDiscussion of Aerial Forestry Herbicide Application Operations

Herbicideapplication is conducted a few times (typically twice) in the cycle of plantation forestry which

lasts decades (often 40 yrs. or more in northern forestry producing saw timber, typically shorter

rotations in pulp harvests)After harvesting the previougeneration, vegetation will be controlled (and

residual logging debris leveled) prior to clear the site for the planting of the next generatimnboth

reduces resource competition for the saplings and removes obstacles to the physical work of planting

¢CKA& LINF OGAOS A& (1y2é6y |a airidsS LINRIbeouedivedfyhisl YR A &
practice is to remove or reduce competing vegetation, remove or reduce logging debris, and/or prepare

the soil to promote the growth and survivaf desired tree species.

The second herbicide application occurs when the plantation is young (a few years old) and is called a

WNEB t S &S . Thiditrbdierit ¥ @aaiit to reduce competition for light, watend nutrients from

competing noacommerdal species¢ KA a LINJ} OGA OS WNBf SIIaSaQ GKS @&2dzy/3
competition A notable difference between the two applications is that in release, the intention is not to

damage the commercial species that has been planted

1.1 Aerial Spraying f@®Mantation Site Preparation and Plantation Release in Maine

13
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The commercial species most often reported in the spray plans examined for this study are various
conifers as well as sugar mapkecér saccharuirthough there are other applicable commercipesies

in the diverse forests of MaineAs indicated above, treatment is described as site preparation or
plantation releaseThe spray mixes that are used in the two treatments are similar but not the.same
The formulated mixes are always applied ag/\dlute mixes with water as the carrier and active
ingredient (Al) rates specified by the labBhe formulated herbicide comprises less than 10% of the
applied mix and the active ingredient is only part of the formulated herbicide (Table 1). For @ystanc
2021 spray plan filed with the State of Maine shows 768 oz of water mixed with 66.5 oz of formulated
herbicide yielding a mix of 92% water and 8% herbicBEnerally, the difference between prep and
release applications is that a surfactant is usegriep applications to cause the spray to adhere to and
spread on the target foliagd o protect the trees in a release application, the surfactant is replaced with
an adjuvant (Penetron) to lower collection by the young coniféhés approach has beencaessfully

used in Maine for decadeH is noted that there is a short window that release can be performed due to
the phenology of the conifers being released, typicaifyweeks Aerial spraying in Maine currently uses
WwOf 2aSR aeéail S wsit@midng asink &MiEs in‘canistgr@whizh are connected into the
aerial spray systems¥t NJ >@3idesored below, generally follows what is listed in the spray plans
and data submitted to the State of Maine and from discussions with Ray Newcomb (JBI Helicopters) and

Ron Lemin (Nutrien).

Aerial spraying is conducted with helicopters and typipaliaation and equipment specifications are:
Bell 206B JetRangerlll

Forward Speed 60 mph

b2T7Tt8a &a4SG AYyaiRS 2F 71p: 2F NRG2NJ 6ARGK SOSNE

QX

b2T11 f

(s}

4 RNRLIISR cé¢ YR RSTFESOG2N LX I 1Sa dzaSR
AccuFlo .020 nozzles with VMD around ifi€rons
wStSIHasS | SA3IKG npQ

{61 GK 2ARGK npQ
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The active ingredients listed in the spray plans are glyphosate, triclopyr, imazapyr, sulfornatetbyl

and metsulfuron methyl.

Glyphosate is a neselective herbicidethat works by stopping the plant fronr@ducing an enzyme it
needs to make protein for proper growth. Glyphosate is widely used in agriculture, industrial weed
control, forestry, and in outdoor residential applications. It comes in a number of chemical forms but

most of theformulated productscontain the isopropylamine salt.

Triclopyr is a mamadeherbicideusedto control both broadleaf and woody plants. Broadleaf weeds
include nettles, docks, and brambles. It mimics a plant growth hormone that causes uncontrolled

growth and plant death

Imazapyr is a systemic herbicide that moves throughout the plant tissue and prevents plants from
producing a necessary enzyme, acetolactate synthase (ALS), which is not found in animals. Plant death

and decomposition will occur gradually over several weaekaonths.

Sulfometuron methyl is an herbicide in the sulfonylurea chemical family. Sulfometuron neethyl
anorganic compoundised as derbicide It functions via thanhibition of acetolactate

synthaseenzyme

Metsulfurorrmethylis anorganic compoud classified as aulfonylurea herbicidewhich Kills
broadleafweedsand some annuairassesilt is a systemic compound witbliar and soil activity, that
inhibits cell divisionin shootsandroots. It has residual activity in soils, allowing it to be used

infrequently.

Table 1Herbicides used in Aerial Herbicide Application in Maine since 2015 (BPC Spray Plans 2015
2021)

Formulated Herbicide Active Ingredient %Al (by weight)
Garlon Triclopyr 60.45

Arsenal Imazapyr 27.8

Escort XP Metsulfuron-methyl 60

Oust XP Sulfometuronmethyl 75

Accord XRT Glyphosate 50.2

Mad Dog Glyphosate 41

Chopper Imazapyr 26.7

15
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Rodeo Glyphosate 53.8

Note that there are different versions of some of thdsands. For instance, there are 7 registrations for

Garlon in 2021 with differing % by weight

1.2 Spray Drift Modeling

Modeling will be used in this report to illustrate the effects of individual variables in the physical
discussion as well as to halpvelop options for forestry practice guidelindhe model used here is
AGDISPThe AGDISP model was originally developed by the USDA Forest Service (FS) and has been
progressively improved and updated over the past 35 years (Bilanin et al;, T&8& eal., 2003 Teske

et al., 2019)It is a mechanistic model which uses the basic physics of aerial spraying to calculate the
movement and landing position of spray droplets released from an airénat#chnical terms it is a
lagrangian model thatalculates droplet trajectory through the aircraft wake and subsequently through
the atmosphere beyond the wak&he model was developed by the FS using data from forestry spray
trials (Teske et 311994) and then tested again as part of a developmemireknown as the Spray Drift
Task Force (SDTF) which was a collaborative effort between the agricultural industry and the USEPA(Bird
et al., 2002Hewitt et al, 2002) The main value of the SDTF was the collection of dozens of spray trial
data setsThisdata was used to challenge and improve AGDISP (among other goals of the SDTF) and
resulted in AGDISP being part of a modeling package that was reviewed and accepted by an EPA
scientific advisory pang{The original SDTF reports and data are now in thdipdbmain and available

to this effort.)

The complex physics of aerial spraying are discussed b&lmmodel is a simplification of these
physicsbut it is still a reasonably comprehensive treatmeftte model code is in the public domain and
the techniques used are well referenceGDISP allows us to use the system physics and extend beyond
individual data setdHowever, the model has many limitations and model results given here will be

provided with caveats as necessary

With that said, forestrherbicide application practice in Maine provides an excellent scenario for
AGDISP modelingarger drops, such as those that comprise the vast majority of the material sprayed in

aerial forestry herbiciding are much easier modeling subjects than smals,daad herbiciding is

16
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generally easier to model than forestry insecticide application as efficacy is less dependent on the

complex process of canopy penetration

1.3 Spray Physics

The general physics of aerial application is known (Teske et aB; Ri@dt and Kristmanson, 199and
are comprehensive treatments, among othastheywill be discussed below. The detailed discussion of
the physics of aerial spraying is presented to emphasize to readers new to this subject that it is an area

of extensive research and is relatively well understood.

Generally the attributes of the mechanical systems can be fixed or monitored in a straightforward way,
attributes of the vegetation, weather and other environmental factors vary on differing timessaalg

in space so questions of temporal and spatial averaging come intoTiaycontinuous variability of

these factors in time and space make them difficult to know exalttshould be remembered within

the context of this report and the design of B&JRhat monitoring is a cost item and it is often very
difficult even with resources allotted to know certain factors exactly. This means that some important
parameters in the anticipation of spray deposition and movement are not good candidates foreaquir
monitoring. All of the variables discussed below interaotthe discussion builds to describe a
complicated system of interrelated factorBhe detailed mathematics of this system are found in Teske
et al. (2003)The below concepts are illustrateding the AGDISP modeA base case is set up using the

application parameters as shown in TabldBe material screen of the base case is shown in Figure 1.
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@ Spray Material X
Propetties Fractions

Name: [Mamne Silvicultural Mix

Nonvolatile &ctive Fraction: IU 0866

MNonvolatde Fraction: |U.1

[v Spray Matenal Evaporates

Spray Volume Rate: [5 [ gal/ac LJ

Tank Mx

Active Solution

% of Tark Mix: Ig_gg

Fraction of Active
Solution that is |1
nonvolatie

Additive Solution(s) .
% of Tank Mix: |

" 1.34 [l Nonvolatile Active (8.65 %)
Fraction of Additive

B Nonvolatile Additive(s) (1.34 %)
B Voisties (90 %)

Solution{s] that is h

nonvolatie:

Carmet
% of Tank Mix: |gg
Total

%of Tark My 100

Calculation Control

Enter (& Fractions ( Tank Mix  Cale | aK ' Cancel ]

Figure 1This is a screen capture of the Materials screen from AGDk&Hractions option ishosen

with all the active material (.0866) designated as +votatile. The description used in the base case is

typical of the mixtures used in herbicide application in Maine

The modeling Base Case is shown in Table 2 and the parameters includethlilegheill be discussed in
some detail belowin this discussion, deposition is presented as fraction of the applied application rate
of the Al To arrive at an absolute deposition, multiply the fraction of applied by the target application

rate of Al.
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Table 2 Modeling Base Case for Aerial Herbicide Application as Practiced in Maine

Aircraft Bell 206B JetRangerlll
Airspeed 60 mph

Nozzle spacing 9PSNE cé3x 71
Nozzle postion 5NRLILISR c¢
Volume Median Diamete| 834 microns

(VMD)

Relative Span (RS) .86

Release Height npQ

Swath Width np Q

Wind Speed 6 mph

Temperature 68 °F

Relative Humidity 60%

Stability Neutral

Application Rate 6 gal acre

Material .0866 nonvolatile active,

.1 nonvolatile total

1.3.1 Droplet Size

A large body of spray drift literature (Bird et al., 2002) indicates that the most important variable in
controlling aerially applied spray is the size of the applied dropEplet size is also widely thought to
affect efficacyForest herbicide application in Maine is at an advantage in this regard as prep and

release treatments typically utilize very large droplets

It is necessary to introduce certain terms and concepts in this discuSpoayed droplets always

represent a spectm of sizes termed the droplet size distribution (DSDE droplet size in this

spectrum, or DSD, where half the spray material is in smaller droplets and half is in larger droplets is
termed the volume median diameter (VMD). A required droplet size Ioeagpecified on the pesticide

label When the label states apply as a Coarse drop, for instance, it is referencing the American Society

of Agricultural and Biological Engineers (ASABE) droplet size staAG&BE defines a DSD with a VMD
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of 658 micronsab y WO EIINR S (2 | f The\NISDSBpraydiEnd@inemde b this category
or larger Keep in mind the cubic relationship between droplet diameter and pas800micron

droplet has a mass 1.8 times that of a 658 micron droplEhis bodes well for spray control in terms of
hitting a target areaA critical point here is that the DSD does represent a droplet spectrum so there are
always some fine drops that are susceptible to dFtir instance, in the case of ASABE Eocdea® to

Ultra-coarse DSDs, the DSD shows .007 of the total volume in droplets less thaci®bdiameter.

@ Incremental Volume Fraction O X

.................

Qlose thionsl Print | Copy | |IncrementalVolume Fraction L]

Maine Aerial Herbicide Application Base Case 103121
Incremental Volume Fraction

] I ) I L I 1 l L
u Initial DSD|
0.20 |~ —
Volume [ |
Fraction 0.15 |- -
0.10 —
0.05 —
0.00 l 1 I 1 l 1
0 500 1000 1500 2000 2500

Drop Size (um)
AGDISP BaseCase103121.ag 9.0 11-01-2021 09:03:06

Figure 2Base case droplet size distribution (DSD) for aerial herbicide application in.Maine
A further metric of the DSD is the relative spaB)RS is defined as:

RS= (.9¢ Dvo.1) / Dvos

where

Dvos = VMD
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Dvo.o= The droplet size where 10% of the volume is in droplets larger and 90% of the droplet volume is in

droplets smaller.

Dvo.1= The droplet size where 90% of the volumimidroplets larger and 10% of the droplet volume is

in droplets smaller.

The RS describes the kurtosis or peakedness of the®base case RS is set asA8Bwer RS

indicates a narrower DSD implying fewer fine dropl&tse importance of this willdseen in the
discussions belowAn analysis of the .020 Ac&lo nozzles conducted at the USDA Aerial Application
Laboratory in College Station, TX has produced a set of curves that can be used to model the DSD of

these nozzlesA screen shot of this emmital model is shown in Figure 3

, Aerial

" Application
Technology

AccuFlow Double Row

STEP 2. SELECT NOZZLE OPERATING PARAME TERS FROM PULLDOWN MENUS DELOW.
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= — 0o 0.016 10 0.033 08ew 279 25t €0 pa 70 10 920 MPH

® | o02 | 0478 | | 23 | 10 |

" TCAUTION: Do not sher ar clear s in the cells m thie eal T
Dyv= ES 1Y m * Drogiel site such that 1% of tha Sptey volumie & o deopiets senaliee han Dy,

& Yolatrm mesian dvetater. Oropiet St seth Bual ST% of e a0y velarne & 10 oot srmsber thas
Dyy* 434 e > o ’

» oves
" Das= 1263 WM v Dvopbet wae sucn that B0 of the wpray voRume s I droghets sl tan Dy,
| mE= oBs = Malrbve Span | J
n Wy<iddgm» 00 - » Pocceraage of apany volumIe 11 aT0 pRete STRacier than 1 pIe Sameies
M W<tdym= 003 % B Pocenifege of Sptay welumie Bt GTOphels SIatel Thast T41 pim Burneier
b WV20une 019 N @ Parcartage of speay voilme 1 Sropoets Armailer than 200 pre dameter
® D8,y = EXT. COARSR 2 Droghet Spectis ClashiSeaion Seset o0 O,
» 08C,. = EXT COARSE « Dropiet Spactrs Classifcation Seeed o0 O,
» DSCyy ™ EXT COANSE THE Dy, CLASSIRICATION S=OWW 15 FOR SEFERENCE ONLY, DOES NOT IWPACT DAC RATNG
™ DSC = EXT. COARSE  « ASARE £572.1 Drsud Spaows Clawsfication
%
"
Atominton Mosd Moo Paaneie

Figure 3USDA ARS droplet size calculator run for the .020-Bleenozzle used in aerial herbicide

application in Maine forestry

The nozzle manufacturer states a VMD of @00 micronswith no specific REsted. After extensive

discussion with Dr. Brad Fritz (USBRS, College Station, TX) who is one of the designers of the
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calculator shown in Figure 3, the output of the calculator (VMD= 834 microns, RS=.86) was deemed

backed by substantial data so was d$e this study

The basis of droplet size effects largely resides with the relationship between aerodynamic drag and

gravity. For very fine droplets (< 30 microns depending on droplet density) a relationship known as
{21804 16 RSO BNIV2ANI SIaA 15SSa0 GoklA iz Atz Or A ONBy az { G021
O2NNBOGAZ2Y FFLOG2NI ol Fyyl S Ffdx mpyHOod {G2185Qa |
function of gravity, droplet size and droplet density divided by the viscosity.offa@se small droplets

FNE O2yaARSNBR WRNATFGIOESQ YR (K2dAK GKS& NBLINBa
in the forestry practices described here, they are the most prone to. drifie settling velocity of a 100

micron diameter wate droplet is0.24 m/s while a 800 micron diameter water droplet has a settling

velocity of 3 m/s Considering this, a 100 micron water droplet will be displaced laterallyetfrs

when released from 1fhetersin a 1 m/s wind while a 80@icrondroplet wil be displaced

approximately 3neters. In a 5 m/s wind, these displacements increase to 2@fersand 15meters
respectively This kind of linear reasoning for the movement of droplets in air is more valid for larger

droplets Smaller droplets are morkely to be influenced by atmospheric turbulense their

trajectories follow the vagary of the wind as it rolls and eddies through the near surface atmosphere

The result of this tortuous trajectory is that there may be more opportunity to encountadelbut

conversely there is more time for the droplet to get even smaller through evaporddiaplets below

40 microns or so are not strongly driven down by gravity and their movement is often treated as if they

were a cloud of gaProplets in the VMBize ranges in prep and release in Maine are driven down by

gravity and are less effected by small scale turbulembese topics are explained in more detail below

It should be noted that, most importantly in insecticide application but also to a leleggee in
herbicide application, the targeting advantages gained through larger droplets are partiaist dff
losses in coverage and canopy penetration that may affect effiEagerience indicates that large

droplets are efficacious as used in Majrantation prep and release work while also reducing drift.

To illustrate the effect of droplet size, Bigs. 4a., b., and c. were generatéthe axes on these plots is
downwind distance from the edge of the last downwind swath on Hais and fractio of the target

application rate deposited on the-gxis.
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Figure 4.aGraph of downwind deposition using the base case with VMD of 834 microns.
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Figure 4.b. Graph of downwind deposition using the base case with VMD of 984 microns.
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Figure 4.c. Graph of downwind deposition using the base case with VMD of 684 microns.

Table 3Effects of Droplet Size

Feet from downwind

edge of downwind

Base Case

(684 micron VMD)

Base Case
(834 micron VMD)

Base Case

(984 micron VMD)

swath (fraction of applied) (fraction of applied) (fraction of applied)
50 0.1 0.042 0.021
75 0.032 0.0127 0.0055
100 0.015 0.0054 0.00232
150 0.0055 0.0019 0.00093
200 0.00285 0.00098 0.000495
2600 0.000011 .0000054 0.0000026
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The modeling clearly reflects the understanding of the role of droplet size discussed &hevamount
2F RSLRAAGSR aLINI e |G pnQ R26y6AYR Y2NB (oKl y |jdzr R

958 microns to a VMD of 684 microns

To continue the discussion of droplet size effects, we again model the base case but in Figs. 5.a. and 5.b.

RS is varied.
Deposition O X
Close | DOptions | Print I Copy l |Deposition _'__I
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0.00 \H— | | | i | '
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Figure 5.aBase case with RS decreased to .61.

26
Sectionll. A. Thistle & Bonds Report



[T Deposition O X
Close | DOptions I Print | Copy | IDeposition L’
Maine Aerial Herbicide Application Base Case 103121 RS 1.11
Deposition
0-20 L] l ' I 1 I L
———— Deposition| |
0.15 —
Deposition i
(Fraction of Applied)
0.10 — —
0.05 -
0-00 1 I ! l 1 | T
50 100 150 200 250
Distance (ft)
AGDISP BaseCase103121+RS.ag 9.0 10-31-2021 11:30:50

Figure 5.b. Base case with RS increased.11.

Table 4 Effects of RS

Feet from downwind

edge of downwind

Base Case (.61 RS)
(fraction of applied)

Base Case (.86 RS)
(fraction of applied)

Base Case (1.11 RS)
(fraction of applied)

swath

50 .01 0.042 0.083

75 .0021 0.0127 0.0349
100 .00044 0.0054 0.0195
150 .000084 0.0019 0.0096
200 .000036 0.00098 0.0067
2600 0 .0000054 0.000086

Sectionll. A. Thistle & Bonds Report

27



The effect of RS shows up in Table 4 more strongly as the spray moves away from the target as the
larger drops deposit and it is only the fifraction influencing drift! & HA N QX GKSNB A& 23SN

difference between an initial RS of .61 and 1.11

1.3.2 The Effects of the Helicopter

An aircraft requires substantial energy to remain airborfieis energy is supplied by the aircraft emes
and the forward propulsion or rotor spin results in a pressure gradient across the wing or propeller
surfaces known as liftThe discussion here will focus on rotary aircraft (helicoptérsg upward force

of lift pushes upward on the rotors allowgrflight but it also results in air streaming off the rotor tips
and forming rotor tip vortices that descenkhterestingly, by two or three aircraft lengths behind the
flying helicopter, the rotor tip vortices and wisiigp vortices that characterize fixading aircraft will look
very similar and both exist in a geometric plane perpendicular to the ground sulfacspray droplet is
released into the rotor wash vortex, it is carried along by the voifée vortices do descend and are
used in certain typs of aerial application to bring fine droplets down but the initial vortex motion is
upward, followed by descent over the fuseladis initial upward motion and the general airplane
wash allows some droplets to escape the vortex at greater height thaimitial release height and data
has shown that releasing into the vortex actually increases drift (Teske et al., TA88ffect is
mitigated by restricting the nozzle placement to a percentage of the rotor width so that droplets are not
released diectly into the rotor washThis is often mandated on the label and in Maine, the practice is

generally not to place nozzles outside of 75% of the rotor diameter

The other direct effect of the aircraft beyond wake effects is the potential effect of drepkaring at

the nozzle due to forward speeBor large droplets such as those utilized in prep and release in Maine,

the secondary atomization effect of wind shear at the nozzle orifice can shift the droplet DSD three or

four categories from a coarse gfyrto a fine sprayThis effect is mitigated in practice in Maine by
LRAYGAYy3 GKS y21TtS8Sa WaadNFrA3IKG 6F01Q 2NJ LI NI ffSt

the tail. Deflectors are also used to shield the nozzles from the direct efédcts shear

To evaluate the practice of positioning the nozzles inside 75% of the rotor radius and dropping the
nozzles, we plot the mean trajectories of a 700 micron droplet and a 100 micron droplet in Figures 6.a.

and 6.b. where the-éxis is releasbeight and the »axis is downwind distance.
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Figure 6.a. Average trajectory of a 700 micron droplet released using the base Thsaraph assumes

a crosswind with the aircraft flying into the page
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Figure 6.b Average trajectory of a 100 micron droplet using the base case.

1.3.3 Release Height

The effects of release height are intuitivighe higher the aircratft is off the ground, the more time the

atmosphere has to move droplets laterally as well as fapevation to make droplets smaller and more

drift prone. General practice in prep and release work in Maine is conducted at release heightd®f 13

meters (40-50 feet). Flying height is a safety issue andstbe left to the discretion of the pilot basezh
circumstancesin forestry spraying, a common type of vertical obstacle that may be encountered is dead

snag that can rise above the canopy t@iten silver in color, these can disappear against clouds or in

sunlight and are notorious aviation hazard@$e retention of dead snags for wildlife can exacerbate this

problem A further issue to consider is that, especially with large orifice, large VMD nozzles, deposition

G2 GKS 3INBdzyR adzNFIF OS YIlIe& 06S02YS WaitiNAstrdseRadd NB & dzf

lower efficacy in the rest of the swath if release height is too. low

30
Sectionll. A. Thistle & Bonds Report



25! Deposition O X
Close | Dptions | Print | Copy I IDeposition ;]
Maine Aerial Herbicide Application Base Case 103121 ReleaseHeight 55
Deposition
0'20 L] I ) I 1 I L
———— Deposition| |
0.15 —
Deposition -
(Fraction of Applied)
0.10 |- ]
0.05 - -
1 ' [} ‘: | I
0.00
50 100 150 200 250
Distance (ft)
AGDISP BaseCase103121+ReleaseHeight.ag 9.0 10-31-2021 12:07:55
Figietr ®F & . &S /I aS gAGK NBEtSFraS KSAIKG NIrAasSR G2 pj

31
Sectionll. A. Thistle & Bonds Report



[T Deposition O X
Close | ngit;on_s Print | Copy | |Deposition e
Maine Aerial Herbicide Application Base Case 103121 ReleaseHeight 35
Deposition
0-20 L] l ' I 1 I L
———— Deposition| |
0.15 -
Deposition i
(Fraction of Applied)
0.10 — —
0.05 -
000 L ! i :
50 100 150 200 250
Distance (ft)
AGDISP BaseCase103121-ReleaseHeight.ag 9.0 10-31-2021 12:16:01

Figiet ®6® . &S /1 aS gAGK NBtSFHaS KSAIKG t26S
Table 5 Effects of Release Height

Feet from downwind | Base Case (Release | Base Case (Release | Base Case (Release
edge of downwind | SATKE opQ[KSAIKEG npQ|KSAIKE ppQ

swath (fraction of applied) (fraction of applied) (fraction of applied)
50 0.01 0.042 0.2

75 0.0035 0.0127 0.048

100 0.0018 0.0054 0.0169

150 0.0008 0.0019 0.0044

200 0.00047 0.00098 0.002

2600 0.0000039 .0000054 0.0000075
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Table 5 indicates that as release heightisraisediomQ (2 pp QX RSLIRaAAGAZ2Y G p
o8 | FFOG2NI 2F wun FyR AyONHI 3pSiQ oR2 syBINIRY Fal20MiS2 NI T
droplets are still airborne and available to be displaddte DSD distribution shifts with distance as

larger droplets fall out nearer the spray line so the distribution of airborne droplets shifts to smaller

droplets with distance downwindrhis is demonstrated in Fig.

@Transport Aloft Incremental DSD O X

..................

‘Tiose | Options | Pt | Copy | [TransporAloitinciementalDSD )

Maine Aerial Herbicide Application Base Case 103121
Transport Aloft Incremental DSD

L] I L ] L] I L] I L] I 1
B Transport Aloft Incremental DSD at 50 ft|
0.20 -
Volume I |
Fraction 0.15 - 1
0.10 -
0.05 — —

0.00 l 1 l 1

0 100 200 300 400 500 600
Drop Size (um)

AGDISP BaseCase103121.ag 9.0 11-01-2021 11:40:36

Figure8¢ KS RNRLJX SG &AT S o0& @2f dzvyS dhwdhd df thebloskT RNER LJa |
edge¢ KS T AND2NYS +a5 KIFa AKAFISR FTNRBY 28SNIynn YAON

downwind This graph is from the Base Case for aerial herbicide application in Maine forestry
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1.3.4 Wind Speed and Direction

Wind speel and direction have strong effects on the movement of aerially released.Spnaywind

moves spray laterally from the release point in the downwind direction of the prevailing Wied

stronger the wind, the greater the displacemeWind effects are Issened for larger droplets which are
not displaced as muclesticide labels typically dictate maximum and minimum wind speeds for
application Labelrequirementsregarding wind speed are used as practice in Ma8wne managers

require buffers around bldc or will offset upwind or use oralf swath inside the block edge as the
sprayed edgeThese practices are all to counter swath displacement and mitigataigfét deposition

due to the wind It is also noted that ambient wind dilutes the energy oflahsplaces the rotor wash
Generally, the wash near the aircraft is powerful enough so that ambient effects are minimal but, in still
air, coherent vortices may linger for a large distaridee higher the ambient wind, the more quickly the

vortical energyis diluted This effect is captured in the AGDISP model

Minimum wind speeds are specified on the labels for a few reastorme motion and turbulence

(discussed below) are considered desirable to mix herbicide into the canopy thus improving efficacy

Wind direction is often variable when wind speeds are low and low wind speeds may be an indication of

I adlroAfAde O2yRAGAZ2Y (1y26y | a-tawatgfiBSNavwvhy Q ¢ KA OK
speedprevents application in conditions that wouldtherwise be advantageous to targeting and

control of sprayed material.

Discussions of wind speed and direction often revolve around the variability of these quantities both
spatially and temporallyAs much attention in aviation is given to meteorology, pilots are generally

Fgl NB 2F O2yRAGAZ2Y A |yR Ol y WTS SMaty adlid &pligatioNA | 6 A f A G
projects will use smoke, either generated by smokers on the aircraft or deliberately set ground

fires to assess wind speed and directidn follow labetequirementsregarding wind speed,

assumptions must be made regarding how appropriate a given point measurement of meteorology is in
space and how often meteorology shoudld measuredThe pilot is responding to nearly instantaneous
effects of these factors on his aircraft as well as anticipating the effects of changing conditions on the
movement of released spraif a pilot uses a wind speed measurement at the aircrafs tasults in a
conservative application window as the windspeed will almost always be lower near to the surface due
to the drag of the surface and vegetation on the airflékweather from a reporting statioseveral

miles away is used, conditions colle substantially different where the application is occurriNgt

much formal, regulatory guidance is typically given on these points
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As a final note on this topic, there is technology now that calculates the position of depositing drops in
the cockpitin near reattime (Thistle et al., 20207 his technology can then set a light bar, which is
mounted on the center of the aircraft dashboard to indicate how closely the pilot is flying a pre
programmed spray line, and position the aircraft to compensatesivath displacement by the wind

Most aerial applicators already have the light bacatkpit, so this calculation plugs into existing
technology The swath displacement technology is-thfé-shelfand not completely mature or widely

used It does pointout that aerial spraying is fully engaged with precision agriculture.
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Figire 9.a. Base Case with wind speed reduced to 2 mph.
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Figure 9.b. Base case with wind speed raised to 10 mph.

Table 6. Effect of Wind Speed

Feet from downwind

edge ofdownwind

Base Case (Wind spe€

2 mph)

Base Case (Wind spe€g
6 mph)

Base Case (Wind spe€

10 mph)

swath (fraction of applied) (fraction of applied) (fraction of applied)
50 0.002 0.042 0.35

75 0.00078 0.0127 0.1

100 0.000375 0.0054 0.042

150 0.00018 0.0019 0.01

200 0.000109 0.00098 0.0043

2600 0.00000155 .0000054 0.00001
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The effect of wind speed isseen clearlyinTabe 6 L2 A GA 2y AYyONBlFasSa o0& | Tl C

wind speed increases from 2 to 10 mph& H ninc€easé i& \8ell over a factor of 35

1.3.5 Turbulence

Turbulence is defined here, simply, as the variability in a mean fluid Do to the drag of the surface

of the earth and the complex surfaces offered by plant canopies and uneven terrain, tthéielthnear

the surfacesalmost always turbulentThis idea is introduced here because turbulence impacts many
aspects of the subsequent discussitiris worthwhile to note that the equations that describe turbulent
fluids (such as the near surface asphere) can be written down but cannot be explicitly solved

Modern science has quantitative approaches to this problem and makes very good approximations but
it is not possible to say that if the wind speed is exa@lat time (t) at a point on a spray plot, it will be

X +2 at t +1There is an inherent variability in the wind field on the time and spatial scales of interest to

us in this problem that will always lead to some variability in application

The nature of the turbulenflow field can be conceptualized as a wind field composed of rolling
Y2GA2yas a FfdzZAR RN} 3Ja Ff2y3a GKS adaNFIFOS AlG atz2e
below and comes dowrSince air cannot accumulate at the surface, when the fagtan the overlying

layer comes down it displaces the surface @K A & WNRff SN |yl f238 KFa G2 0°
the flow is actually composed of fluctuations at all time scales, constrained between vertical motions

1000s of meters in lagth at the long end and motions less than .01 meters in length, dictated by the

viscosity of air, at the short er(@ detailed discussion of this topic emphasizing plant canopies is given in
Finnegan (2000) KA & Wi dzNb dzf Sy G Q Y 2 is bazhyiseNh@etingindaterfalyontor A E A y 3
and into plant canopies but can also be responsible for moving fine dropletgrgét Again, as

indicated above, large droplets have the inertia due to their mass and settling velocity to move through
turbulent fluctuations (this propensity can be stated as having a long relaxation time), while very small

droplets will move with every little turbulent fluctuation (short relaxation timéhe consequences of

turbulence are seen in the various discussions below
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1.3.6 Humidity

Humidity can be a very important factor in aerial applicatibine effect of humidity is dependent on

two factors 1) The value ofelative humidity RH itself, as bw humidity facilitates the evaporation of

water, and2) The chemical propénA 1@ 2F GKS &LINI & YAEUGdzNBIfthe2z S @I L2 N
volatility of the spray mixture is high and the humidity is low, small droplets evaporate very quickly (this
Aa 1y2¢y IHoghwaility isnktAggngrially speaking, cdeséd a good attribute of an

herbicide that is meant to be sprayed and deposited on plahtsugh some herbicides are relatively
volatile. Most of the aerial herbicide applications performed in Maine use water as a caner

scenario from the spray pha consisted of 6% herbicide and 94% cartieshould also be noted that the
formulated herbicide is not pure active ingredient, so less than 6% of what is sprayed is active
ingredient The effect of a large amount of volatile carrier is that, in low Idity conditions, the

droplets become smaller after release, increasing the number of droplets in driftable size.ranges
Another consideration is that in the aerial applications discussed here, a large amount of fluid is
released This large volume of eparating fluid will raise the ambient humidity in the immediate vicinity

of the spray This will have a countdyalancing effect of slowing evaporation (Teske et24l17)

Since herbicide application in Maine is not generally conducted in extremmedity conditions (as

might be encountered in the Western U.S.), it would be unlikely that humidity would be a controlling
factor. Also, in large droplet applications with relatively low release heights, most of the volume is on
the ground quickly and ngrone to droplet evaporation effect$lowever, since we are interested in
small amounts of drift, and spraying mostly water droplets, droplet evaporation will oddate that
glyphosate has a very low vapor press(@&apor pressuref 9.8X168 mm Hgat 25 °C) indicating that

it does not evaporate at a significant rate after application.

The model was run for the Base Case with humidity ranging from 80% to 40% and the modeled

differences were not large enough to merit further analysis

1.3.7 Atmospheic Stability

The termatmosphericstability refers to the change in temperature with height in the atmosphéne

GKI G A& (y26y | & ,theténpSataieNécieddes with Yiegat idicdjNdstion with the

Gas Laws reflecting the fact that lower in the atmosphere, there is more air overhead and the pressure

is higher causing the temperature to be highdowever, there are two other states of ag®spheric

stability that are important to us in the context of pesticide applicatibnThe temperature decreases

with height at a rate higher than the neutral gradietK A & A & |y 2 ¢ Yanti2iThé v WA Yy JS NA
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temperature decrease with heightis low@rK I y G KS ySdziNI f 3INFIRASYGZ (GKAa&
atmosphere A detailed discussion is given by Thistle (2000).

Unstable atmospheres form at the surface under relatively still, sunny conditions when the sun heats up

GKS 91 NI KQa & deNBhtetes to Od uddérhegader @ooladadr; the warm air rises in what

FNB 1y26y a4 WGKSNXYIfaQs ONBIFGAy3d t2F0dAy3 YR GKS
conditions can loft fine droplets and deposit theoff-site but unstable atmspheres tend to consist of

large energetic motions that create disperse drifting. In fine droplet applications, this can impede

efficacy because it is hard to get small drops down in an unstable atmosphere, but this may not have

major effects on aerial héicide application with large droplets because the droplets fall through the

convective turbulence and the small volume of the spray in fine drops may drift but will be widely

dispersed with negligible othrget impacts.

Inversion conditions also form der still, clear conditions, generally between times close to sunset and
2dzad | FGOSNIJ adzyNARaS o0ST2NBE aAIYyATFAOFYy G &adz2NFhe OS KSI
cool surface causes a layer of colder air to form under the warmer airabbis denser air just sits

dzy RSNJ GKS 4 NYSNJFANJFa AdG Aa KSF@GASNI FyYyR Waidlo

(@]
w

The problem with inversions is the stable situation suppresses mixing so fine droplets can just hang in
the air in reldively concentrated formThe colder, heavier air can slump downhill or be pushed by light
winds and can carry a concentrated droplet cloudsifi¢. Many nontarget damage claims are related

to inversionsAgain, in our scenario, it is only the small fiaic of very fine drops that are susceptible to

drift in an inversiorsituation,but these may remain in a relatively concentrated cloud.

Many labels warn against applying in an inversion and the minimum wind speed dictates are meant,
among other concerngp prevent spraying in an inversiolm practice, inversions are often encountered
because, in many situations, it is preferred to conduct aerial application in the morning when humidity is
often high and wind speeds loarly morning spraying can mearaying before a nocturnal inversion

has been completely destroyed by surface heating

1.3.8 Terrain and Large Water Bodies

The effects of terrain and large bodies of water on wind fields is a large area of ongoing research which
is onlyperipherally important to this discussiomhe main effect of large terrain features on aerial
application is that differential heating of slopes during the day and drainage of cold air off of cold

surfaces at night can cause diurnal cycling of wind dwacHeating of slopes during the day can cause

g9
Sectionll. A. Thistle & Bonds Report



hot air to rise off the slopes and an upslope flow of replacement air, at night cooling off of surfaces can
cause down slope flow of cooler denser. dine implication is that the wind direction can rather
abruptly change 180causing spray drift to reverse directidrhe transition in regimes is often in the

morning when aerial application méye occurring

Large lakes and the ocean can also drive diurnal wind regimes as the water temperature lags the
temperature of the landDuring the day, when the surface heats more rapidly, colder, over water air
flows onshore, this shifts at night as the land cools more quickly and the denser air on the land flows
towards the water Again, applicators may get caughtrransition where wind direction shifts

dramatically and abruptly.

These terrain and water effects are actually atmospheric stability effects and are strongest in clear

weather when the atmosphere is otherwise calm

1.3.9 Canopy Density and Penetration

The physical interaction of droplets with the target organism depends on many things. A coarse droplet
(800 microns, for instance) has a high settling velocity, as described above, resulting in a largely vertical
trajectory as it falls through the turbehce and impacts a surface. If the target canopy is not closed, that
is to say there are gaps and the ground surface is exposed to the sky in places, these large droplets may
fall to the ground and not impact the plant. The smaller droplets in a giverletregze distribution (a
commonly used rule is that droplets <140 microns in diameter are considered driftable though this is
widely debated) havea more horizontal trajectory as they are displaced by the wind and also follow a
turbulent trajectory as theynove with the smaller turbulent eddies. This gives them more of a chance

to penetrate a canopy and more of a chance to land on foliage. This is a critical factor in much forest
insecticide application where the insecticide must be ingested by the targttgo it needs to deposit

inside the canopy where feeding is occurring. As mentioned above, this is less important with most
herbicide application as, in the case of systemic herbicide, material deposited on the upper leaves will
be absorbed into the plarsystem. There is still some evidence that some penetration does help efficacy
in any plant canopy. This may be because fewer small droplets go straight through the canopy to the
ground, that absorption is better with many small droplets as opposed éwavery large droplets, or

other issues of plant physiology.

The basic system can be considered as one of encounter and collection of dropketiroplet first

needs to encounter a canopy elemefanopy density is described as the amount of canopyapes or
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volume Various measures have been used for this, the most common is leaf area indekAL#I)

usually stated as area of canopy surface (one side) per area of ground surfané) (vertically So LAI

of 3 indicates that if you dropped@umb bob straight down through a canopy, you would encounter 3
canopy elements (on averag@hick blackberry, for instance, might have an LAl of 1 Andak

hickory forest might have a LAl of32an 8meter high red maple stand might have an LAI ¢T&ske

and Thistle, 2004)The higher the LAI, the more likely a droplet that enters the canopy will encounter a
canopy elementThe second part of this system is collectidrdroplet has what is referred to in this

O2y GSEG | & WA Y LI dniokesheriGalfy DNdIRdInediadzige dr@ktfof the VMD

size used in Maine has large impaction energy and will smack onto the surface of the first leaf or twig it
encounters and deposit therd very fine droplet has low impaction energy and magainter the air

flow which is bypassing the element and move with that flow (short relaxation time) instead of
impacting on the elemeniThe propensity to collect a droplet is called collection efficiency and if the
collection efficiency of a surface @, a small droplet might encounter many surfaces before it is
deposited The collection efficiency of a given foliar surface depends on roughness, hairiness, waxiness
etc. A final consideration, especially relevant to large droplet spraying is that dsaplight shatter

upon contact with a canopy element creating small drops (Schou et al., 2012) though once these drops
are in the plant canopy (whether a mature forest or a low shrub canopy), they are unlikely to escape and
drift.

1.3.10 Savenging and Basic Canopy Micrometeorology

It is worthwhile to revisit the ideas of wind and turbulence and the role they play in droplet deposition
on and in a plant canopyAs mentioned above, the wind can be conceptualized as rolling along the
surface @ the earth and across the top of a plant canopkiough this motion is not typically periodic,

the occasional strong downward pushes of wind (gusts) push air from higher in the atmosphere into
plant canopies and force the surface air that is in the carmyThis is a critical exchange process for
scalar quantities such as moisture, L, etc. and has major implications for spraying (Finnegan;2000
Thistle et al., 2020Yhe turbulence associated with this process lengthens the trajectories ofaisopl
thus allowing more opportunities for canopy deposition, instead of a linear trajectory, the droplets are
moving in noAinear motions greatly lengthening the trajectory in and near the candtgsulting

droplet deposition is known as canopy scaveggifidroplets Another important related factor is that
there is a hysteresis in energy between the downward wind motions and the returnAloanalogy
(imperfect as all analogies are) might be the motion of waves breaking on a.déscincoming wavesi

a coherent, identifiable entity that rears up and crashes on the beach, the outgoing water returns in a
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relatively low energy sheeThough the downward motions in the atmosphere are not typically periodic,
they can gain momentum through a lardepth of atmosphere and bring faster moving air from higher
levels down to the surface in a relatively coherent gust, this gust penetrates the foliage introducing fresh
air into the canopyThe return flow is filtered back through the foliage and is knawmiffusive, much

of the kinetic energy in the downward gust has been lost to friction, so the diffusive return flow is much
less energetic The importance of this to this discussion is that it results in stronger downward pushes
which help push spray @m into the canopy and a weaker return mechanism that is less capable of
pushing spray up where it might be-eaitrained by the wind This flow complexity is not captured in

models like AGDISP and is a reason AGDISP is thought to be very conseniatigeréoge drift,

especially over forests (Richardson et al., 2017)

1.3.11 Riparian Barriers and Edges

Riparian buffer strips can be used in forestry as a means to protect forest strdarmass are left in

buffers they can provide a physidadrrier to scavenge spray and lessen herbicide deposition to streams
Forest edges and windbreaks have been studied in some détadls been found that the flow

disruption is a function of the density of the foliage and the thickness of the barribeinase of

windbreaks In the case of a riparian buffer, the mean wind will adjust to the obstacle with the mean
flow being displaced upward while an eddy will form in front of the trees and a lee eddy in the lee of the
trees. The basic relationships of md, density and shape of windbreaks was studied in detail by Wang et
al. (2001) in the context of livestock sheltering on the Great Pl&imes effects of a riparian buffer on

spray drift was studied in Thistle et al. (200K S& a4 K2 ¢ SR 0 KlplQ OXFKEF SWNEN @ Al Wi
Oregon forestry practices provide substantial protection of streams from spray deposition (the average
reduction in this study was 92% over all twenty trials and all barrigesy small amounts of spray did

either loft over or moe through the barriers

Based on the above work, a tool was developed to calculate stream concentrations beyond a riparian

barrier.! aAy 3 2dzNJ 6l &S Ol aS3x LISI{ O2yOSyidGN}GA2Y Ay | &
immediately behind a riparian barriés calculated as 4.6 ppibhis tool is inside AGDISP but is not widely

used, primarily because the riparian interception factor is hard to know and the algorithm is largely

based on the single set of trials referenced ahove
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Figure 10AGDISRBcreen used to calculate deposition to a stream behind a riparian barrier

1.4 Long Range Drift

The question of long range drift is a difficult ofiéistle et al. (2012) aerially releasBédcillus
thuringensigBt) upwind of a 2 km grid in the gert of Utah The Bt was used as a tracer in this
experiment and is detectable at near single spore lelie¢ release rate was 9.4 x®Hpores n¥. At
2000meters 85% of the samples over 17 trials showed no Bt while the maximum sampled at that
distancewas .0001 of the applied rate and that sample was an outliethe case of a basically non
volatile herbicide, these results give at least an idea of the amount of herbicide that might travel longer
distanceslt would be expected that in the vegetatéamhdscape of Maine, a much lower percentage of

material would move that far downwind\lso, the VMD of around 105 microns used in the Utah work
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comprises less than one percent of the total volume of a Maine aerial herbicide applicationlspray
terms offraction of applied, the maximum at 2000eterswould be expressed as 0.000001 of the

applied rate

AGDISP is not well suited to long range modelitngre is an approach to modeling vector control

where clouds of very fine droplets are released at heighnhging up to 100nThis approach is not

deemed appropriate herelhe standard lagrangian approach in AGDISP was run and deposition at one
half mile downwind distance is noted in Table5.2The base case shows .00014 of the applied rate at

H ¢ nThi@ranslates to around .000032 galaAl at that distance or about 1/40of a teaspoon a&

This modeled number is believed to be extremely conservative as that transport distance does not
consider scavenging by intervening foliage as discussed ahdweher complication of measuring long
range drift of an herbicide such as glyphosate is that the chemistry to detect at very low levels is
complicated and expensivAlso, some of the herbicides of concern, such as glyphpaegevidely used
garden chendals and domestic weed killers that are sold locally all over Amérisaifficult to be

certain that other smaller but closer sources of such herbicides are not contaminating samples when we

discuss sampling at thousands of meters downwind

Part Il Discussion of Impacts, Environmental
Fate, Economics and Use

Introduction

In timber management, herbicides are used to control vegetation that may compete withvabrable

tree species. Aerial application is the preferred approach in many cases, and is occasionally used in Maine,
on less than 4% of harvested acres each year. But critics point to evidence that certain herbicides can be
toxic to humans and animals. éantly, glyphosate, the most widely used herbicide in the United States
since 2001 has come under increased scrutiny due to concerns regarding its safety (Sharon, 2021). This

attention has drawn increased scrutiny to the practice of aerial applicatiorediitides in forestry in
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Maine. Within this report the objective is to address some of these concerns via a review of available, and

in general peer reviewed literature.

Does aerial herbicide spraying reduce food and habitat for wildlife?

Does aeriaherbicide spraying result in chemical persistence in the environment?

Have scientists made a legitimate effort to test admemical alternatives?

What are the cost and benefits associated with aerial herbicide applications?

What is the comparison betweerelbicide use, other interventions, and no intervention?

Are herbicides harmful to humans and wildlife?

=A =/ =4 =4 4 -4 =4

What are the use patterns for aerial pesticide application in other areas?

2.1 Question: Does aerial herbicide spraying reduce food and habitaldide®i

Meeting future demands for wildlife habitat and biodiversity conservation will require that society's
growing demand for wood be satisfied on a shrinking forestland base. Increased fiber yields from
intensively managed plantations will be a calgdart of the solution. As integrated pest management
(IPM) is pursued, properly conducted herbicide application will remain a tool in the IPM toolbox. Current
research indicates that the negative effects on wildlife usually are g¢bart and that herbiale use can

be part of meeting wildlife habitat objectivé®/agner, Newton, Cole, Miller, & Shiver, 2004)

Sullivan and Sullivan (2003¢viewed more than 60 published studies on glyphosate in forestry,
considering potential effects of this management practice in forest ecosystems on biodiversity. The
authors concluded that species richness and diversity of vascular plants, songbirds and small mammals
were either not affected or affected to only a minihdegree by glyphosate treatments. The degree of
change observed in all cases was considered to be within natural fluctuations. Temporary declines were
observed for avian and some small mammal species, whereas in other species, abundance increased in
treated sites. For species whose preferred habitat is removed by the herbicide treatment the typical
response is a transient reduction in populations, followed by return when these habitat features become
re-established. Studies on terrestrial invertebrates @@d a wide range of taxa with variable responses

in abundance to glyphosate treatments. The authors noted that management for a mosaic of habitats,
which provides a range of conditions for plant and animal species, are likely to ameliorate angshort
changes in species composition which might occur on specific sites treated with glyphosate to enhance

regeneration success and plantation growth rates following forest harveglihgmpson, 2011)lt is
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important to note that in the state of Maine such a mosaic approach could be considered to occur as areas

no greater than 250 contiguous acres can be harvested.

Interestingly some studies have shown that low levels of glyphosate have led to stimulation of growth of
some plant species. Glyphosate induces hormesis in crops and plant species as diffSsvegh@amnspp.,
soybean, coffee, eucalyptusrabidopsis thaliaa, maize, andPinusspp. In general, the hormetic response
was more pronounced in woody genera suchEagalyptusspp (Duke, 2006) Others have observed
hormesis with glyphosate in maize and barnyard g&habenberger, Tharp, Kells, & Penner, 1999;
Wagner, Kogan, & Parada, 2003)

2.2 Question: Does aerial herbicide spraying result in chemical persistence in the
environment?

Unintended damage from herbicides is typically seen when a compound bio accumulates or travels from
the site. Accumulation is unlikely in forestry considering that applications are infrequent. After aerial
herbicide applications in deciduous forests of @, Michiganand Georgia, residues were found to be
highest in the overstory reducing exposure of the understory vegetation and streams with residues in
streams at or under the detection limit in13% days. All residue concentrations in foliage water soid

were below levels known to be biologically active in ntamget fauna(Newton, 1994) In boreal forest

sites of central Canada, more than 95% of the total herbicide residue after an aerial application was found
in the upper organic layer with no evidence of lateral movenwtiter in runoff water or subsurface flow

(Roy et al., 1989)

It is noted here that due to the widespread use of glyphosate over the last 50 years, much of the literature
focuses on glyphosate. In general, it is known that glyphosate is susceptible to rapid micrgtzdedien

and thus norpersistent. It binds strongly to any organic substrate including organic matter and clay
particles of sediments and soils, and thus shows no tendency to leach or move laterally with surface runoff
even though it has relatively higlolability in water (Thompson, 2011)Glyphosate generally has a
favorable environmental profile with minimalcelogical impact in forest ecosystems, including strong
binding and immobility and rapid biodegradation in most soils, water and sedinfRalando 2017)
Glyphosate acid itself is zwitterionic, carrying both a positive and negative charge under typical
environmental pH conditions but in different proportions depending upon the exac(Butiggaard
Gimsing, 2008; Piccolo, 1996 is the zwitterionic character of the glypsate molecule which is

responsible for its tendency to adhemdrongly to organic matrices or clay minerals. In soils with
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macropores and pronounced preferential flow, glyphosate can move to groundwater, but it has a
relatively short environmental halffe especially in soils with high organic matter content. Vertical
mobility was not observed in forest sites across several regions in the USA. Glyphosate is not volatile, so

there is no secondary atmospheric contaminat{@uke & Powles, 2008)

Tatum (2004 )provides a simple comparison of the toxicity, transport, and fate of a number of various
forestry herbicides. To begin, as mentioned above, glyphosate is strongly adsorbed to soil, resulting in low
mobility and virtually no leaching from the application site, in soils and sediments and is primarily
degraded through metabolism by bacteria anddurirhe reported hallives of glyphosate in soil in field
studies ranged from 1297 days, with an average of 32 dé{sesy, Dobson, & Solomon, 200@) most

soils hexazinone is only weakly adsorbed and is thus highly mbbitause hexazinone is very water
soluble and highly mobile in soil, it has potential to move offsite through leaching and runoff. The
hydNE LIKAE AO yI GdzNB 2F KSEITAYy2yS K26SOSNE ¥8d ya AdC
for hexazinone in soil in field studies range from 24 daygear(Michael et al., 1999)imazapyr is not
strongly adsorbed to soil, so has potential to be highly mobile, but residues tend to be low because it is
rapidly photodegraded in water with a hdife of 25 days. Degradation of imazapyr in soils occurs
primarily through microbial mbolism with halflives ranging from 2842 days. Metsulfuron is weakly
adsorbed to soils which can make it mobile, dissipation from soil is due to microbial degradation and
hydrolysis with halfives ranging from @2 days. Dissipation from water is dte hydrolysis meaning
metsulfuron does not produce significant or persistent contamination of surface groundwater.
Sulfometuron does not adsorb strongly to soil but is only moderately soluble in water and thus does not
appear to be highly mobile. Degradati of sulfometuron in soils occurs via microbial metabolism,
hydrolysis, and photolysis with soil hdilfes ranging from 165 days. Although triclopyr is not strongly
adsorbed to soil, leaching does not appear to be a concern and only small quantiteebden detected

in runoff in field studies. This is likely due to triclopyr residues remaining in plants until foliage is shed or

the plant dies and tissues begin to de¢agatum, 2003)

Oregon Department of Forestry, Forest Practibésnitoring Program (1992) has been sampling water
from various areas over the past 16 years. Results from three different studies indicate that the majority
of the 24hour-average composite samples contained either no detectable residue or less tharblod pp

the applied pesticide. The first sampling routine spanned from 1980 to 1987, to assess the effectiveness
of the then forest practice rules at protecting the waters of the state. Of the 153 samples analyzed, a

representative subset of their total pestile applications, 86 percent (132 samples) resulted in no
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detectable pesticide residue. A subsequent study was carried out from 1989 to 1990 where of 52 samples
analyzed, 83 percent (43 samples) resulted in no detectable herbicide. In Washington the Hishtend
Wildlife Program (TFW) monitored six operations during 19Rashin & Gradr, 1993) Of the 6
operations, 83 percent (5 samples) contained 0.13 to 0.56 parts per billion (ppb) of the applied herbicide.
Results of these three studies indicate that under most conditions, water concentrations greater than 1
ppb are relatively ree as a result of forest operation®ent & Robben, 2000)n 1997, the Oregon
Department of Forestry commissioned a study to monitor herbicide lemedsréams. In particular, the

goal of this study was to test the effectiveness of the forest practice rules in protectinigef#sing and
domestic use streams from unacceptable drift contamination during aerial applications of forest
pesticidegDent & Robben, 2000No pesticide contamination levels at or above 1 ppb were found in any
of the postspray samples analyzed. Seven of the 25psay sample (for 2 of 5 sites) were found to
contain trace levels of the applied pesticide lower than 1 ppb (mdl 0.5 to 0.04 ppb). Contamination levels
ranged from 0.1 to 0.9 ppb. The contaminants included hexazinone from site 22 aDd:8tdr from site

25. Curren literature indicates that thresholds of concern for human health and aquatic biota start at
levels much higher than 1 ppb. The surface water quality criteria for hexazinone are 2500 for human
health, 3200 for trout health, and 52,000 ppb based on dapmndatality. The surface water quality
criteria for 2 4D ester are 300 ppb for human health, 7 ppb based on bluegill health, and 100 ppb based
on daphnia mortalitfDent & Robben, 2000)

Direct effects to terrestrial fauna residing in forested areas treated with glyphosate from exposure to
glyphosate via direct spray, spray drift or secondary exposure through the ingestion of flora and fauna
food sourcescontaining glyphosate residues are low. In addition the risk of bioaccumulation through
secondary exposure to glyphosate is known to be low, based on its low oetated partition ceefficient

(Table 7), well below the octanwlater partition coefficient of 5.0 or greater suggested bjackay and

Fraser (2000as a threshold for the onset of bioaccumulation.

Table 7 Numbers extracted from Extoxnet and PubChem two web basedrce andNeary, Bush, and Michael (1993)

Herbicide Solubility at Half Life Photo Microbial Hydrolysis | Volitization Kd Log Know Vapor LD50 rat LD50

25C mg/L days deg deg 25C pressure mm sunfish

Hg
2,4D 3,000,000 28 minor yes yes yes 0.5 2.81 1.86X162 375 168
Dicamba 4,500 25 no yes no no 0.1 221 3.75X163 757 135
Glyphosate 12,000 a7 minor yes no low 16.5 -3.40 9.80X168 5,600 120
hexazinone 33,000 30 yes yes no low 0.2 1.85 2.25X167 1,690 370
Imazapyr 15,000 30 yes yes no no 0.3 0.22 1.79X1611 5,000 120
Picloram 430,000 60 yes yes yes no 0.6 0.30 6.0X1016 8,200 21
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Sulfometuron 300 20 no yes yes no 0.5 1.20 5.48X1616 5,000 12
methyl
Triclopyr 430 45 rapid yes no low 15 -0.42 1.26X166 630 148
Metsulfuron 2,790 30 no yes no low 14 2.20 2.5X1012 5,000 150
methyl

Alvarez et al. (2021neasured the degradation and mobility of sulfometunorethyl and potential
degradates wes evaluated under field conditions in the United States following application of Oust
herbicide to bare ground at the maximum labeled rate. Sulfometurathyl degraded rapidly at the four

test sites; calculated halife values ranged from 12 to 25 dagalfometuroamethyl residues were below

the limit of quantitation (10 ppb) beyond 90 days after treatment at all test sites. Sulfometaeihyl

and its degradants were immobile under field conditions. The photolysiditeafor sulfometuron is
reportedly 1 to 3 dayqRobertson &Davis, 2010)Harvey, Dulka, and Andens (1985)showed that
photolyzed sulfometuron poses little further threat to the ecosystem because resulting compounds are
herbicidally inert and ecologically harmleBsissellSaladini, and Lichtner (200)owed that it is capable

of moving into aquatic systems and could thereby be moveditdf although little or no damage is done

to those systems because most residues are quickly photolytically or hydrolytically degrideey et

al. (1985)nalyzed the hydrolysis of trective ingredient under various pH conditions and found that at
pH 5.0, the halfife of sulfometuron was approximately 14 days. Conversely, measurements taken 30 days
after treatment for pH 7.0 and 9.0 in another study showed 87% and 91% of the aaiw@eahremaining,
respectively(Anderson & Dulka, 1985)n plants sulfometuron had a hdife of 1-12 days in the soil and
aqueous residues ofetsulfuron methyl showed halflives ranging between 84 and 29 days with the lower

time period associated with a more realistic application r@eompson, MacDonald, & Staznik, 1992)

Imazapyr is active over a range of rates and is recommended at rates up to 1.68 kilograms acid equivalent per
hectare (kg/ha)lmazapyr was observed to move offsite in streams principally in stormflow and dropped

to near background levels within 40 days for the worst case studied. The highest observed stream
concentration occurred during a period of aerial application where &tfigyer the stream channel
resulted in direct deposition of imazapyr in the stream. One sample taken approximately 2 hours after
completion of application contained 15 ppb of imazapyr. Subsequent samples did not contain quantifiable
residues until the firs post application precipitation(Michael, 1989) The persistence of imazapyr
however can be highly variable. Three different Argentinian soils hadifealfalues of 121, 75, and 37

days. The hallife of imazapyr was negatively assoe@ivith soil pH and iron and aluminum content, and

was positively related to clay contefGianelli, Bethar, & Costa, 2014 ran, Harrington, Robertson, and
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Watt (2015 investigated relative persistence of commonly used forestry herbicides.ifhd#eatments

can be approximately ranked in the following order from most to least persistent: triclopyr/ picloram >
high rate of clopyralid > high rate of hexazinone rbtghylazine/hexazinone > low rate of hexazinone >
low rate of clopyralid > high rate of terbuthylazine > triclopyr > high rate of metsulorethy| > low rate

of terbuthylazine > low rate of metsulfuremethyl.

2.3 Question: Have scientists madegitimate effort to test norchemical alternatives?

Canadian Federal and provincial government scientists and academics across Canada have expended a
tremendous amount of time and energy to investigate and developefwmical alternatives that would

be effective in forestry scenarios. These efforts have focused on everything from natural regeneration and
mulch mats, through biocontrols to using grazing livestock. The Vegetation Management Alternatives
Program established by the Ontario Ministry of NaluResources (MNR) in the early 1990s showed that
while some of these technigues have potential for application under very specific conditions, hone match
modern herbicides, in terms of general utility, effectiveness, reliability, low cost and documented

environmental acceptabilityThompson & Pitt, 2011)

Due to long histories of human intervention, the elimination of predators, clearance of land for
agriculture, introduction of domestic grazing stock, utilization of forests for wood prodaats,the
introduction of invasive and nonnative species have all disturbed natural cycles of woodland regeneration.
As a result, natural regeneration of forests is now less likely to succeed without some form of human
intervention. One of the key problenfiacing young regenerating tree seedlings is competition from weed

vegetation for light, waterand mineral nutrients.

Symplastically translocated herbicidesd., glyphosate, imazapyr, sulfometuron, and metsulfuron) are
rapidly taken up by the plant following application of the formulated product and thereafter translocated
to active growing tissues in both the aerial and root structures. As such, they are palyietiactive for
control of biennial or perennial species which g@ibpagate from basal sprouts, roots or rhizomes. Plants
with this type of reproductive strategy are often the most problematic in forestry, particularly because
they tend to be very pooyl controlled by mechanical techniques. Often mechanical cutting actually
stimulates more extensive growth, thereby exacerbating rather than alleviating competition with more
desirable crop specig@hompson, 2011)One potential issue is damage to the crop, triclopyr showed
visual symptoms (45% of trees) and glyphosate (17% of trees) was associated with20ireductions

in firstyear height(Harrington, Wagner, Radosevich, & Walstad, 1995)
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The Fallingsnow ecosystem project conducted in the boreal forest of northwest Ontario is one of the few
studies to comparatively examine the ecological consequencekedificide treatments, including
glyphosate, with other methods of vegetation management. In this experiment, treatments included
aerial applications of triclopyr ester (Release) at 1.9 kg a.i./ha or glyphosate (Vision) at 1.5 kg a.i./ha with
direct compaison to mechanical cutting using either brush saws or traotounted cutting heads.
Lautenschlager, Bell, Wagner, and Reynolds (1888%luded that herbicide treatments had relatively
inconsequential effects on most ecological response parameters examined in this boreal forest site. As
part of this multidsciplinary studySimpson et al. (1997bserved no substantial treatnmé-related
differences in the movement of selected nutrients such as total organic N, NH4+, ly@2&Woodcock,

Ryder, Lautenschlager, and Bell (198g%essed the effects on songbird densities as determined by
territory mapping, mist netting, and banding and observed 20 to 38 species breeding within various
treatment blocks. First year pofittatment assessments revealed that mean densities of the 11 most
common species increased by 0.35/ha on the control plots. In contrast, densities on treated plots
decreased by 1.1/ha (brush saw), 1.6/ha (Silvana Sel¢ctivbd/ha (Release) and 0.72/ha (Vision). A
point of emphasis here is that essentially any effective vegetation management technique will alter
available habitat to some degree. In at least this one study, songbird densities were relatively less
impactedby herbicide treatments as compared to mechanical treatments. Response to these habitat
changes will vary with species, favoring certain species while resulting-migtation of other species

at least for some period of time. As a single species exangblestnutsided warbler (Dendroica
pensylvanica) had lower (p <0.05) mean densities on the brush saw treated and Silvana Sedettite

plots than on the control plots and fewer (p <0.05) female birds were captured in the firstrpagient

year.

Egalating controversy on cleautting, herbicides, burning, and grazing has led to a number of different
research programs that aim to better understand the relative impacts of each of these interverRions.

M. McDonald and Fiddler (1996)ith 40 studies, begun in 1980, compared vegetation management
techniques used for enhancing growth efté 3-yearold conifer seedhgs. The studies includeshanual
manipulation, mulching, herbicides, and grazing for releasing conifer seedlings from undesirable
vegetation. The authors found that manual release and mulching are effective but expensive. Herbicides
are effective, appligble to almost all plant communities, and relatively inexpensive. Grazing is good for
cattle and sheep but does not significantly enhance conifer seedling growth. Their conclusions were that,
in most instances, productive forests cannot be managed ecoradiyiwithout herbicides. A general

ranking of the treatments from biologically effective to ineffective following herbicides are large mulches
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and largearea manual grubbing, mechanical, grazing, small mulches, small grubbed @edd,
McDonald & Fiddler, 2010If the goal is to create a forest with several afgsses and variable structure,

but with slower seedling growth, longer time to harvest, and less species diversity, then it is passible t
accomplish this without herbicides and other means of vegetation codoM. McDonald & Fiddler,
1996)

Vegetation management practices are an integral component of forest managerkraldler and
McDonald (1990¥eport results of standevel benefitcost analyses of 12 vegetation management
treatments applied at six study s#eén northern Ontario. The Forest Vegetation Simulator (FVSOntario)
was used to project gross total and merchantable volumes to 70 years of age, aneBis#SKised to
optimize potential products. Net present value (NPV), begedist ratio (BCR), and inteal rate of return

(IRR) were calculated using 2009 constant dollars and variable real discount rates. Aerial herbicide
treatments produced the highest NPV, BCR, and IRR. Internal rates of return of 4.32%, 2.90%, 2.82% and
2.50% for aerial herbicide, maalubrush cutting, groun@pplied herbicide, and brush cutting plus
herbicide treatments, respectively, indicated that all of the vegetation management alternatives
evaluated are economically viablglomagain, Shahi, Luckai, Leitch, & Bell, 20M3gnual release,
primarily accomplishedising service contracts, is increasingly used by silviculturists for controlling
competing vegetation in the West, particularly in California. Over 60 recent manual release contracts on
four National Forests and erBureau of Land Management Resource Area in California were analyzed for
production rate and cost relationships. Mean number of acres completed per workday wa@.80land

the average cost of release was $iF310 per acre. Grubbing or cutting costs &e$0.44%$0.86 per
seedling regardless of radius treated. Cutting and grubbing combined cost$0.BBper seedling for-3

5 ft radii, and $1.19 for a-f radius. The increased costs resulting from more realistic bidding and the
projected unavailability bcrews to do the work mean that many acres needing manual release will go
untreated (Fiddler & McDonald, 1990)

2.4 Cost and Benefit Assessment
In forest vegetation management programs, herbicide applications are typically made dheng

establishment phase, considered as the first two to three years of a rotation or until canopy closure
occurs. Unlike repetitive applications to the same area year over year in many agricultural cropping
A0SYIFNA2a&> 3If & LIK2A!I ( Sly apbliadSdrly da& Mb thiCeAtdRtBedsante Miga off & LIA O
planted forest over a period of ~8 years (eBucalyptugplantations in South Africa) to more than 50

years (e.g.Piceaplantations in Canada). Most forest regeneration efforts around the world woilldifa
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be severely delayed without effective Forest vegetation management. Worldwide, the influence of
O2YLISGAYy3a @S3aShGlr A2y KIFa 0SS yenaregatvy imgagts ok inh& 0 2 ( K
production (Wagner et al.,, 2006). Risk estimates are glyeexpressed based on probability of
occurrence either quantitatively or categorically as low, moderatehigh. What constitutes a low or
acceptable risk probability is a matter of judgement and requires consideration not only of risk, but also

of berefit (Klaassen, 2013)nd is to some degree at least inherently subjective. In the case of glyphosate,

a multitude of independet scientific reviews and regulatory risk assessments exist and commonly
conclude that glyphosatbased herbicides, when applied in accordance with the product label and
applicable best management practices, do not pose a significant risk to human ayrengirtal health

(Rolardo et al., 2017)

Following harvest, numerous pioneer plant species, which areadelpted to disturbed sites and open
growing conditions, easily outcompete newly planted crop tree seedlings. Reduced crop growth or
outright crop failure will occur if eeds are not controlled effectively. Of course in contrast to the home
garden, the scale at which forestry operations occur makes faewtliing highly impractic§lhompson

& Pitt, 2011) Wagner et al. (2006) recently reviewed results from 6Q@hef longestterm studies in
Canada, the USA, South Africa, Brazil, New Zeadanat Australia, documenting that the majority of
studies show 3%to 500% increases in wood volume as well as reduced rotation periods from effective
vegetation control treatmats. Positive outcomes are reflected in significantly enhanced regeneration

success and overall sustainable management of forest resources.

2.5 Comparison between herbicide use, other interventions, and no intervention

2.5.1 Volume gains imorthern forests

MacLean and Morgan (1988) northern New Brunswick repatl on one of the earliest studies on
herbicide release in ntirern forests. Phenoxy herbicides were used to release young balsam fir compared
with those that were manually cleared and with those that received no treatment. The herbicide
treatments were applied in 1953 and the plots remeasured in 1981. The total\sikmme of balsam fir

was 265% and 157% greater for-R4and 2,4,5T respectively in herbicide treated plots and 64% for

manually treated plots compared to control plots.

Pitt, Wagner, and Towill (2004nvestigated tenyear growth responses of planted black spruce and

associated vegetation were studied for 10 years foif@rseveral competition release treatments on two
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sites in northeastern Ontario. Five growing seasons of annual vegetation removal using repeat
applications of glyphosate herbicide produced nearly complete domination by spruce with 111% and
477% increasem individual tree stem volume relative to that of untreated plots. The degree of stem
volume gain among treatments was positively correlated with the level of vegetation control during the

first few years after treatment.

Daggett (2003gxamined the effects of aerial herbicide application and-@oenercial Thinning (PCT)

on long term stand development of red spruce and balsam fir in Maine. This study, initiated ime377,

an examination of the commonly used herbicides (glyphosate and triclopyr) in North America. The
proportion of wood volume in 29ear-old balsam fir and red spruce was substantially increased by
herbicide treatment. Among 14 herbicide treatments tested, softwood composition was 74% in herbicide
treated plots compared with 23% in untreated plots. Softwood volume was increased by ih71%
herbicideonly plots relative to untreated plots. When including only glyphosate and triclopyr,
merchantable softwood volume increased 264% above untreated plots. The effect of the herbicides was
enhanced further if the stands were later subjected toefst stand improvement practices such as
selective cutting. When herbicides and stand improvement were used in combination, merchantable

softwood volume at 29 years was 411% greater than the untreated controls.

Ramsey, Jose, Brecke, and Merritt (2088¢stigated the use of herbicides and fertilizer to accelerate the
emergence of longleaf pine seedlings @fithe-grass stage to replace prescribed fire as the preferred
management practice in plantations. Longleaf pine survival was highest for the coegwl (84%) and
lowest for the fertilizer (53%) treatments. This pattern was repeated for root collar diameter (RCD) and
height growth. Seedling height for weed control and control treatments were 33.4 and 13.4 cm,
respectively, at the end of the secorgtowing season. Herbaceous weed control during the early

establishment phase appears to be critical in accelerating height growth of longleaf pine seedlings.

Nicholson (2007)eports that herbicide use was discontinued by Stora Enso 1998, raising concern about
the performance of Stora Enso plantations in the absence of chemical weeding. Competition in plantations
in Nova Scotia can be sevard the growth and survival of planted seedlings can be adversely affected

if not released. The performance of plantations also has implications on future wood supply projections.
The intent of this report was to summarize how these plantations have paddr Unfortunately, only

3% of the area surveyed met both the stocking and -teegrow criteria for a successful plantation
Another 10% met the criteria of an adequately stocked plantation but requires maintenance. The

remaining 87% of the area surveyagre considered unsuccessful plantations
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Dampier, Bell, SAmour, Pitt, and Luckai (2006¢ports on research conducted in the Fallingsnow
Ecosystem Project in northwestern Ontario, Canada. The objective was to determimneldtienship
between release treatment costs and planted white spruce stem volume®($an years after alternative
release treatments. Treatment cost estimates for 2003 were calculated by applying 199&tidyedata

to estimated 2003 market costs feach treatment component. The most cesftective treatment was

the aerial application of herbicide Vision ($12.16)nfollowed by the aerial application of herbicide
Release ($12.18 ), cutting with brushsaw ($38.38%) and mechanical tending ($42.85%). No cost
differences were found between the herbicide treatments (p = 0.998) or between the cutting treatments
(p = 0.559). The herbicide treatments were thifeé&d more costeffective than the cutting treatments (p
=0.001).

2.5.2 Volumeains in Pacific nortivestern forests

Brodie and Walstad (1987ronducted longerm projections of yield enhancements associated with
herbicide treatmentsThe results wre presented in a series of four unreplicated case studies involving
Douglasfir (Pseudotsuga menziesplantations in western Oregon. Growth and yield projections from
herbicidetreated and untreated sites indicated that early differences in stand dgweént translated

into 60 % increases in merchantable volume at the end of a typical Delirglasation (60¢ 75 years) for

three of the four cases. The increase in merchantable volume at 60 years for the fourth case was 15%

greater than for untreated #2s.

Monleon, Newton, Hooper, and Tappeiner (1988pwed herbaceous vegetatiaontrol was achieved

by a single application of glyphosate following planting, with shrub seedlings covered and demonstrated
a doubling of Douglas fir stem volumes at year 10 in western Oregoroval of herbaceous vegetation

after planting significantlyncreased tree diameter, height, and voluntgtein (1995¥ound that site
preparation using herbicides on four sites in the Oregon Coast Range resulted in a 272 % increase in the
Douglasfir stem volume per hectare after 10 years when survival was taken into acdemwers, Young,

and Fiddler (2005)examined 28 years of growth response by ponderosa pine in northern California
following herbicide treatment and nitrogen fertilization. Results from the same experiment on two soil
types revealed a 580%nd 78% increase in stand volume from vegetation removal albaeini and
Radosevich (2003gxamined 21 years of growth for three conifer species after three site preparation
treatments and 2 years of followp release treatments in northern California. Brush raking followed by
up to 2 years of herbicide release increased the volume growth of ponderosa pine and California white fir
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by 3035% and 1712%, respectively, relativeht® ¢ontrol, a hydreax sitepreparation treatment and no

release.

Powers and Reynolds (@9) conducted another study with ponderosa piffeinus ponderogaon three
Y2NIKSNY /FEAFT2NYAL aAdSasz | ykeethey Dmpakedite effdddof NRS Yy
various combinations of herbicide, insecticidend fertilizer treatments on 1§ear volume growth.
Herbicide application had the strongest influence on plantation growth among the three treatments,

increasing volume by 270%, 173% and 59&valthe untreated control on each of the three sites.

Hanson (1997Used 14year measurements from a soutlestern Oregon study, investigating the impact
of herbicides on the stem volume of individual ponderosa pines. The volume was approximately 464%

higher on plots without vegetation than when shrubs and hardwoods were maintained at a high density.

2.5.3 Valime gains in soutbastern forests

Michael (1980provided one of the first reports of loAgrm gains 20 years after 2,4baerial release to
longleaf pine. Treated plots, had significantly greater tree diamgit@%6), taller trees (17%), and more
merchantable tree volume/ha (40%). Merchantable tree volume differences 20 yr after treatment

represent an 8 yr growth advantage for treated plots.

Martin and Shiver (2002)onducted another regiowide site preparation study with loblolly pir{inus

taeda) including 25 locations across South Carolina, Georgia and Alabama. The treatments included total
vegetation (woody and herbaceous) control with herbicides, a typical site preparation treatment including
herbicides and two other mechanical treatments. Averaggt@ld merchantable volumes fac) across

all locations by treatment were: burn (84G)hop and burn (1,445%)shear, pile and disk (1,74Q)xhop,
herbicide and burn (1,669)herbicide and burn (1,919and herbicide, burnand complete vegetation
control (2,546).

A set of comprehensive studies examining yield enhancements from Forest ti@ydanagement was
conducted (Miller, Zutter, Newbold, Edwards, & Zedaker, 2003; Miller, Zutter, Zedaker, Edwards, &
Newbold, 2003; Zutter & Miller, 1998; Zutter et al., 199B)e same experimental design was replicated

in 13 plantations across seven southern states and four physiographic provinces of the region. Loblolly
pine plantations were monitored for 1fears (or over 60 %) of the typical-2dar pulpwood rotation. A
combination of two woody control treatments (no woody control vs complete woody plant control) and

two herbaceous control treatments (no herbaceous control vs complete herbaceous plant [feve
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established. Herbicides were used before planting and annually through crown closubey€ars after
planting) to establish and maintain the treatments. Controlling both woody and herbaceous vegetation
increased merchantable wood volumes by 67r&hge among sites was 8048 %) above that on plots

that were only site prepared. Control of only woody vegetation increased merchantable pine volume on
11 sites by 14 118 % and gains on treated plots increased as hardwood and shrub abundance itcrease
on the check plots. Gains from early control of only herbaceous vegetation (leaving woody vegetation)

were somewhat less, increasing onlyl30 % on 10 site@Miller, Zutter, Zedaker, et al., 2003)

Borders and Bailey (200%)udied intensive treatments for loblolly pine plantation management at six
sites in Georgia. After intensive mechanical site preparation and plantingpkigghrmance seedlings,
continuous veetation control increased merchantable volume through ages 1P years from 3¢ 122

%. Adding repeated fertilization further enhanced yields. With such interventions the authors concluded
that growth rates were comparable to those obtained at othemhhigomass production areas for loblolly

pine throughout the world (e.gSouth Africa, Brazihnd Australia).

Glover, Creighton, and Gjerstai989) found that regularly controlling herbaceous vegetation using
herbicides from planting to crown closure in young loblolly pine stands increased merchantable volume

after 12 years by 33, 96 and 131 % on three sites in Arkansas and Mississippi.

2.54 Volume gains in Australasia

Effective weed control is an essential management task in establishing commercial tree plantations. Much
of current weed control strategy employed in Australian forestry relies on the use of available herbicides.
However, gien community concern regarding the use of herbicides, investigation of alternative weed
control methods is warrantedGeage and Brennan (2002¢sted the ability and costffectiveness of
mechanical (hand weeding and int@w slashing), mulching (sawdust over newsprint, woodclapsl

jute), cover crops and herbicide applications for weed control in establishing etipddypations. Jute
matting and herbicide treatments reduced weed competition and increased seedling growth to age 2
years in plantations of Eucalyptus in northern NSW, Australia. Growth increased by 269% with both
treatments, 196% with the Jute and by 246n the Herbicide treatments when compared to the control

at 2 years age. The Jute material deteriorated, after nearly 2 years, weed cover increased and there were
significantly more weeds present in the Jute treatment compared to the Herbicide treatrietd.

matting costs approximately 15 times more than the herbicide regime used and, therefore, could not
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presently be considered a viable option for weed control in commeEi@halyptusplantations. Other
weed control treatments inclued: hand weeding, sadust, woodchip mulches, slashing and sowing cover
crops all of whichdid not effectively control weeds and did not improve survival or increase seedling
growth to age 2 relative to the control. The authors conclude that herbicides remain the most cost

effective weed control option available to commercial grower&otalyptuplantations.

2.6 Question: Are herbicides harmful to humans and wildlife?

The degree to which a toxicological effect is expressed depends on exposure or dose, both in terms of the
actual amount and the time frame over which it occumnssimple terms, if there is no exposure, there can

be no dose, and therefore no effecOne of the most important parameters is exposure. Best
management practices are designed and used such that application rates, techragdemitigation
strategies (e.g., buffer zones) ensure a high probability that exposure levels for wildlife speciesware belo
toxicological effect thresholds while at the same time sufficient to achieve silvicultural objectives

(Thompson & Pitt, 2011)

Herbicides are used only a few times over g3byear rotation in commercial forestry, oftenausing
exposure tobe generally be low. This means that acute toxicity and teratogenicity are the endpoints of
greatest concern, as these endpoints can be affected by a single exposure or exposure for a short period
of time. Endpoints associated with chronic toxicity, reproiive effects, and carcinogenicity are less
relevant to silvicultural herbicide use because they are more likely to be associated with multiple
exposures occurring over a longer period of tifive L. Tatum, 2004)n addition, where the low toxicity

of these products and their metabolites combined with consistent dissipation and low mobility suggest
that toxic hazard of their use need not be a matter of serious concern to humans, terrestrial wildlife, or
aquaticsystems. They are safe for use in management and rehabilitation of boreal forests when used
properly (Newton, Cole, & fisley, 2008) Honeybees are classified as a beneficial insect and U.S. EPA
requires manufacturers to evaluate toxicity of their products to honeybees. Glyphosate, hexazinone,
imazapyr, metsulfuron, sulfometuron, and triclopyr are all considered nontoxflneybeegKamrin,

1997) A recent review (Belsky and Joshi 2020) identified the need to filvledge gaps for additional

bee species, more realistic exposure scenarios, sublethal effects, and indirect reduction of floral

resources.

58
Sectionll. A. Thistle & Bonds Report



In oral acute toxicity tests with mammals, U.S. EPA considers pesticides with LD50 values of greater than
5,000 mg/kghody weight to be practically hontoxic and those with LD50 values af£000 mg/kg body
weight to be slightly toxic (Table 7).

However, he International Agency for Research on Carfb®RC, 2015Jeclared that glyphosate has a
potential risk to humans. This declaration has been challenged by numerous scientists and regulatory risk
assessment agencies worldwide. The European Food ySafethority (2017, 2015) assessments
concluded that the weight of evidence indicates that glyphosate does not have endocrine disrupting
properties through oestrogen, androgen, thyroat steroidogenesis modes of actifBFSA, 2015, 2017)
Accordingly the Canadian Pest Management Regulatory Agency (PMRA) and the US Environmental
Protection Agency found that products containing glyphosate do not present unacceptable risks to human
health or the environment when used according to the proposed label direc(igRg\, 1993; PMRA,
2915). Analysis of a comprehensive toxicology database by a special joint working group of the Food and
Agriculture Organization of the United Nations and the World Health OrganiziMRR, 2016)all
concluded that glyphosate uses are unlikely to pose an actual risk of carcinogenicity or any other toxic

effect to humans.

The mechanism of action for glyphosate involves blockage of a specific enzyenelffyruvyl
shikimate3-phosphate synthetase or EPSPS) in the synthesis of aromatic amino acids. This biosynthetic
pathway exists in both plants and microorganisms but ndtigher animals. Owing to its highly plant
specific mode of action, direct effects of glyphosate on animals generally require much higher dose
levels than would be typically encountered, thus conferring a substantial level of safety for many wildlife

speces that may be potentially exposed (Thompson, 2011).

Glyphosate has an innately low toxicity to animals and is one of the least toxic pesticides to animals.
Accordingly, it is used for weed control throughout the world in urban and recreational areas)las

on industrial and agricultural land. Glyphosate is less acutely toxic than common chemicals such as sodium
OKf 2NARS 2NJ FALIANRYS 6AGK Fy [5pn FT2NJ N} da 3INBFGS
salt ions used with glyphosate amgore toxic than the glyphosate anion. Glyphosate is not a carcinogen

or a reproductive toxin, nor does it have any subacute chronic toXBitke & Powle2008) In a lengthy

review, (Williams, Kroes, & Munro, 200@pnclude that, when used according to instructions, there

should be no human health safety issues with glyphosate.
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Thompson (2011shows results of a tiered research program indicating that aerial applications of
glyphosate (Vision), as typically conducted for conifer release in forestry, do not pose a significant risk of
acute effects to the most saitive aquatic life stages of native amphibians in forest wetland
environments. The conclusion was consistent with specific risk assessments for formulated glyphosate

products in aquatic systen{Solomon & Thompson, 2003)

Glyphosate is used at infrequent intervals in planted forests and at rates not exceeding kgshased
within legal label recommendations and aggliby trained applicators. While the highest risk of human
exposure to glyphosate is during manual application (not aerial) when applied according to label
recommendationsthe risk of exposure to levels that exceed accepted toxicity standards is low. Based on
the extensive available scientific evidence it is concluded that glyphdsseed herbicides, as typically
employed in planted forest management, do not pose a siwamifi risk to humans or terrestrial and

aquatic environmentg¢Rolando et al., 2017)

2.7 Use Patterns

In countries with large areas of natural forests (e.g. Canada, Russia, USA), pesticides are applied to only a
very small proportion of the forest land base that is manafdcommercial production of high value

products such as sawn wood, panels or pulp and paper. In other countriedNevgZealand, Australia,

Finland, Swedenr YR &2 dz0 KSF AGSNY | {!0 NBfIFIGAGStEE& Y2NB Ayl
employed for tle same general purpose and some situations of more intensive management occur in

most countrieg Thompson, 2011)t needs to be noted that use statistics are snapshots in time and use

patterns change annually.

Herbicides are applied under two different strategies, either prior to planting (chemical site preparation)
or after seedlings are planted (tending or rade). Owing to the remoteness and difficult access
characteristic of many treatment sites, and the ceffectiveness of the technique, aerial application
using either fixeeving, or rotary wing aircraft, is the most common method of applying herbicides to
target sites. Typically herbicides are applied within the first five years postharvest and any given site
receives one or maximally two treatments in a rotation period 688Q/ears depending upon crop species

and site qualityThompson & Pitt2011)

Glyphosatebased herbicide use in planted forest management varies with region or country
internationally. Actual rates of glyphosate use in planted forest management internationally (mainly as
formulated products containing the isopropylamingt¥ range from 0.3 to 3.5 kg active ingredient (a.i.)
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per hectare Higher rates are typically applied only on particularly difficult to control competitor species
or on particularly productive sites where competitive advantage goes to pioneer plant spibeie

establish quickly following opening of the canopy and/or site disturb&@cé\. Rolando et al., 2017)

Application rates reported in forestry were very low, in the range of 0.@JD# kg active ingredient (a.i.)
hatyrl. By comparison, average application rateagriculture were in the region of 031.84 kg a.i. ha
1 yrt. Use in forestry was usually less than 1 % that of agriculture on an annual are@Nidsisghby,

Balandier, Bentsen, Mac Carthy, & Claridge, 2009)

2.7.1 New Zealand

New Zealand has a land area of 26.7 %i€h almost 28% of its land area forested including 1 10° ha

of plantations. Plantation forestry is mainly radiata pine 1.1 %H&) the second species is Dougfias
followed by other conifers and eucalypt(Richardson, 1993An estimated 7% of the total area planted

to forestry (1.8 million ha) was treated annually with herbicide (125,000 ha). This equates to a use rate of
herbicides across the forest sector of 0.25 kgiyeariwith the predominant active ingredients bejn
terbuthylazine (40%), glyphosate (39%) and hexazinone (10%). In 2@083tudy authorsindicated
herbicides were the most common pesticide used in forestry, with an estimated 405 tonnes of active
ingredient (a.i.) applied, followed by fungicides,wén estimated 54 tons of copper appli@danktelow

et al., 2005)

Glyphosate is one of the most important herbicides used for the management of competing vegetation in
forests prior to commeirial tree planting, with very limited use peptanting(i.e., it is typically applied
once in a rotation of 25 to 30 year&lyphosate is applied, almost exclusively, aerially in late summer and
early autumn, in combination with metsulfuron methyl, at resgively ~3.5 kg a.i. Haand ~0.12 kg a.i.

hat! in 150 L water Fourtytwo percent of total glyphosate use is associated with management of
vegetation in planted?inus radiataforests with the remainder used in the horticultural and pastoral
farming systems. This equated to an annual loading of ~0.27 kg &yirhand was the second lowest in
terms of intensity across four sectors (pastoral farming, arable farming, forestry atidutimre), with
much higher annual loadings recorded for horticulture and arable farming (13.19 kg ayi-tand 2.43

kg hatyr?). Similar figures for annual herbicide use in forestry were estimaté&btgndo, Garrett, Baillie,
and Watt (2013with the three most intensively used herbicides identified as terbuthylazine, glyphosate

and heazinone.
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Rolando et al. (2013)onducted a survey of pesticide use in planted forests showing that glyphosate was
the most widely used active ingredient in gokant weed control with terbuthylazine and hexazinone used
most widely for posplant weed control. Together these herbicides comprise 90% of active ingredient
that is annually used. Average aerial applicatiates for these three active ingredients were estimated

at 3.3 kg ha, 7.0 kg ha and 1.8 kg hd, respectively. Use of terbuthylazine and hexazinone is restricted

on FS&ertified forests subject to derogation.

Environmental certification has resultdd a shift from broadcast application of terbuthylazine and
hexazinone to greater use of spot weed control in the first year after tree planting. Spot weed control can
reduce the amount of active ingredient used by up to 89%.-tlemical weed control isot widely used

by the forest industry as it is not as casfective as current herbicide regimes. A review of the literature
indicated that, when used operationally and according to label registrations, these herbicides are unlikely
to have any negativenpacts on the planted forest environment. Although they have been detected in
groundwater, under multiple land uses, concentrations were at levels below documented safe drinking
standards. There are limited data for forest soil and no data on the effté¢kese herbicides on aquatic
biota in New ZealanqRolando, Baillie, Wither8ulman, & Garrett, 201@)esticides are used in forests
because they generally represent the most eeffective tool for managing insect pests, diseases and
weeds. An economic assessment was conducted of the potential financial impact to the inofuatry
switch to nonchemical methods of weed control, including manual and mechanical. The substantial cost
to industry of nonchemical weed control highlighted in that assessment provided justification for the
continued use of herbicides and the need wdfialternatives to those listed as highly hazard{Rslando,

Watt, & Zabkiewicz, 2011)

2.7.2 Australia

Australia covers an area of almost 770 £ h@ and has approximately 5.3% of its land area covered in
forests of which 942,000 ha are planted forestsst are comprised of conifers the primary speces i
radiata pine(70% (Richardson, 1993pPesticide use in plantation forestry in Australia accounts for only
0.7% of the total annual national expenditures on pesticides. The latter report predetaided analysis

of pesticide expenditures in agricultural crops as compared to forestry. Results emphasize the
dramatically higher use frequency and hence expenditures associated with pesticide use in agricultural
crop production. To a large degree, tiiflects the common practice of multiple pesticide applications

on an annual basis to much of the agriculture land base. In contrast, individual forest stands rarely, if ever

receive annual pesticide treatments and frequency of use is typically quiteHegn under intensive
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forest management regimes, the total number of pesticide applications during a rotation period is unlikely
to exceed four; that is two herbicide treatments in the early regeneration phase and two insecticide
treatments when trees areemimature to mature. However, rotation periods vary markedly with forest
crop species ranging from as little as 8 to 10 yelgs examplein short rotationEucalyptugplantations

of Australia, to 80 years or more for spruce stands in the boreal for&stSanada(D. Thompson,
Chartrand, Staznik, Leach, & Hodgins, 2010)

In Austalia, glyphosate is principally used in jpl@nt vegetation control operations in both softwood
and hardwood planted forests, with limited use pgdanting. The herbicide is mainly broadcast via
ground based machine or by helicopter, with use of hapgying limited to buffers, rightf-ways and
sensitive boundarie§lenkin & Tomkins, 2006Jhe maximum label rate is 3.36 kg a.it,haith use rates
generally not exceeding 2.88 kg a.i*h#/hile no published data on the total amount of glyphosate used
in planted forests in Australia was availablevéts estimated that use of glyphosate in Australian planted

forests was in the range of ~200 to 250 tonnes anr{Rolando et al., 2017)

2.7.3 South Africa

In 201718 herbicide information was obtained from 46 timber plantations owned by six forestry
companiescomprising 34872 ha surveyed. Atotalof 188y y 13 02NJ ndpp 13 KIFEbwmo
ingredient (a.i.) was applied in the area surveyed. Glyphesased products accounted for 97% of all the
herbicides applied, and metazachlor and triclopyr butettyyl ester accounted for 2¥Roberts, Little, &
Rolando, 2021)Competing vegetation in South Africa is controlled through a combination of physical
control (manual hoeing or slashinghdiapplication of herbicides. The predominant herbicide used is
glyphosate, where in South Africa, forestry accounts for 4% of the total glyphosatq@ead, 2014)
Glyphosate applied as a pptant spray may be sprayed aerially (seldom), or mdpuaing knapsack
sprayers (more common) at 1.76 to 2.32 kg a.tt(attle & Rolando, 201201 postplanting applications

of glyphosate are via knapsack sprayers, either as a broadcast or directed/spot application depending on
the size of the treeéLittle & Rolando, 2008; Rolando & Little, 20@#tween planting and canopy closure

(<2 years), a eucalypt pulpwood stand will typically receive one broadcast application ofsglg{with

cones for tree protection), followed by two to three directed applicatighistle & Rolando, 2008)he
duration of vegetation control in pine compartments is typically longer due to slower initial tree growth,

requiring an additional two directed spot sprays in years three to(RRaando & Little, 2009)
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2.7.4 Canada
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28 per cent (119 million ha) is currently managed for timber production. Canada for the 2015 reporting

year, national use statistics demonstrate that approximately 765,269 ha (~0.2% of the productive forest

land base) was harvested to deriveomomic benefits. More than half of this harvested area (436,715 ha)

was replanted, with the remainder being allowed to regenerate naturally. In this same year, only 105,811

ha were treated with a chemical herbicide, 94% of which was treatment with thieidide glyphosate

and almost entirely on the planted forest aréilviculture, 2015)

Herbicides are typically used in Canadian forest vegetation management only where conifer crops (e.g.,
spruce and pine species) are tofegenerated and grown for products such as lumber, pagoed wildlife

habitat. Herbicides, play an important role in maintaining a viable wood supply for economic purposes
and also contribute to an appropriate balance of conifer, deciduous, and mixedsstamoss the forest
landscapgThompson, Martin Del Campo, & Constenla, 20Z8gre are five herbicide active ingredients
registered for use in Canadian forestry (glyphosate, triclopyr, hexazinon® apl simazine) and of
those glyphosatéased herbicides account for more than 96% of threst area treated in the past

decade.

Recent trends in operational practice include a move toward more intensive management on higher
guality sites and adoption of innovative approaches (e.g. nutrient loaded seedlings, larger planting stock)
and advaced technologies (e.g. electronic guidance in aerial herbicide applications). The lack-of long
term growth response data and economic analyses demonstrating positive cost/benefits remain as
shortcomings, however continued development of the program witlaubtedly enhance sustainable

wood supply and minimize impact on the forest environment.

The total proportion of the productive forest land base treated is also an important consideration in
ecotoxicological risk assessments. Again, on a comparative bgsisultural food crop production often
involves essentially 100% of the land base receiving at least one pesticide treatment each year, whereas
production of fiber typically involves pesticide application to only a very small proportion of the
commercidforest land base annually. While these statistics vary with jurisdiction, year and pesticide type,
the point is well exemplified by herbicide use in Canadian forestry where <1% of the commercial forest
land base is treated in any given yg@hompson, 2011)in Ontario, which has historically treated the

most forest area of any province on an annual basis, 8000ha are treated each year, an area essentially
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equal to the area planted. This equates to approximately-tirrel of the area harvested annually or
about 0.28% of the total productive forest land base in the province. The typical use rate for glyphosate

in conifer release programs in Ontario was 1.9 kg /ha (Thompson & Pitt, 2011).

Campbell (1990jound thatin 1988 217,825 ha werdreated with herbicide for forest management
purposes,76%o0f the herbicide was applied aerially and 85% of that was for release. If only herbicides
with an aerial registration (2-D and glyphosate) are considered, the percentage incretms81. Tending,

rather than site preparation, was the most common reason for herbicide treatment (85% vs 15%). In New
Brunswick, 100% of the application was aerial. In Ontario, 97% of the 2,443 and glyphosate was applied
aerially. Clearly, aerial applioan is the preferred method of applying herbicides for forest management

in Canada. Glyphosate was used by all of the provinces that used herbicides and accounted for 81% of the
total. The fact that glyphosate controls a wider range of species, plusatheof controversy associated

with it at that time, allowed it to capture much of the forestry market previously held byD2 kh addition

to odor, two other factors have made 2[3 controversial: it was a component (along with 2;%)5of

Agent Orange, rad there have been studies purporting to demonstrate health effects on workers. In
Ontario, from 20042005, the area of Crown forest regenerated ranged from 180,381 to 240,435 hectares
per year but only 32.6 to 38.4% of the area received a chemical tetrdiagnent.

Interestingly, Quebec banned the use of glyphosate in forestry in 2001 and replaced herbicide use with
thinning crews. Eight out of the 10 provinces in Canada have some form of restriction on the use of
glyphosate. Vancouver banned privatedspublic use of glyphosate, and in June of 2019, New Brunswick

officials announced that the province would reduce glyphosate spraying in certain areas with more

regulation to follow. It is not clear however what that means for forestry considering isspidad use.

2.7.5 United States

Onethird of the land area in the United States of America (302 million ha) is covered by forest (Smith et
al., 2001). Fortywo percent of US forestland is publicly owned, either by individual states or the federal
goverrment. Of the total forest area, 84204 million ha) is classed as timberland capable of producing
more than 1.4 mha®*! a®! and not legally restricted from timber harvesting. Eleven percent of US
timberlands are plantations, with twithirds occurringn the southern stategSmith, Vissage, Darr, &
Sheffield, 2001)During 2011, respondents to survey about herbicide use on industrial forest land
reported application oherbicides to 4.4% of the total area under management in the USA. By USA region,
respondentsapplied herbicides to 0.26%, 2.6%, and 5.6% of the total area under management in the
North, PacificNorthwest, and South, respectivelWeatherford, Tatum, & Wigley, 2015)
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For aerial applications, survey respondents redudeit by adjusting droplet sizes and boom/rotor ratios,
limited application height, buffered treatment areas with untreated strips, observed meteorological
limits, and used other practices. The most widely used application method in each region was $troadca
via helicopter (78.4% 97.6% of area treated). Of survey respondents, 90.5% made three or fewer
applications during a typical rotation, 55.2% made two or fewer applications. Respondents applied
herbicides to, 4.4% of the total area under management79®9of which was planted softwood forest.
Within the USA during 2011, imazapyr was the most widely applied herbicide followed by sulfometuron
methyl, metsulfuron methyl, glyphosate, triclopyr and hexazinone. Most active ingredients were applied
at concentations well below the per hectare maximum allowed by their labels. Considering applications
of atrazine, aminopyralid, and clethodjrfor example only 2% was applied at rates between 70% to
almost 100% of the maximum label concentration, on the remairiBgo of the area treated,

concentrations per hectare were about-85% of label maximum®Veatherford et al., 2015)

2.8 2009 European Union Directive derogations

The 2009 EU Directive on the sustainable use of pesticides, effectively banned the application of pesticides
with aircraft (manned or unmanned) but the majority of Member States (MS) have exemptions or
derogations that allow aerial application. Exempti@me considered where there are clear benefits for
human health or the environment and there are no viable alternatives (2009/128/EC). Currently
unoccupied aerial spray systems (UASS) with a gross mass of < 150 kg are not covered by the EU regulation

meanirg the matter is turned over to the MS.
Where an EU country does allow the manned application of pesticides by air the following are required:
- The pilot must have an up to date pi®ticense and health certificate.

- Those who apply any type pésticide with an aircraft are required to be certified and licensed in

the category of aerial pest control.

- All aircraft used to apply or dispense any pesticide, fertilizer, or seed product must be registered
annually with the relevant Department of Agulture and to do this the aircraft must have an

airworthiness certificate.
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- All aircraft must be secured when not in use. This means keeping the aircraft within a locked
building, or mechanically disabled from flying, or use of any other reasonable methimth

prevents or deters theft or unauthorized use.

- All pesticides and fertilizers on the premises owned or controlled by any aerial applicator must be

stored and maintained so they are not accessible to unauthorized persons.

- Aerial applicators to keep recds of what pesticide was applied, where, by what means, how

much and when.
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granted derogations covering just over 450 000 ha. France granted derogations, but did not provide data
on the treated areas, and the responses of Bulgaria, Czech Republic, Greece, Ramdathia UK to the
guestionnaire dcked reports of the area sprayed. Spain (339 000 ha) and Hungary (88 000 ha) accounted
for almost 95 % of reported aerial spraying in the EU in ZGbBnmission, 2017; EU, 2017)

Underneath the 2009 Directive each member state must produce a NAP containing gquantitative
objectives, targets, measures, and timetalieseduce risks and impacts of pesticide use. The NAP should
also encourage the development and introduction of IPM and of alternative approaches or techniques to

reduce dependency on the use of pesticides. Aerial applications are rarely a part of ttiesepdans.

R ¢
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wide standards and the minimization of Highly Hazardous Pesticides (HHP). It is difficult to compare the
b!t Qa 27F aSYo SN {ointrylisSéry diff&éht. FmeRamplée, BeKGean NAP does not
address sprayer testing, as Germany has required testing of field sprayers since 1993.
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(2017) aerial spraying had been restricted, prior to the Directive. Consequently, thdragged by aerial
application of pesticides had fallen dramatically over the last twenty years and continues to decline.
Germany has granted derogations for aerial spraying in steep slope vineyards along the Upper Middle
Rhine valley to control fungal siases, and in forestry to control insect pests. Italy also has granted
derogations for aerial spraying in steep slope vineyards and forestry, while Poland has granted
derogations in forestry. In all three MSs, the derogations are granted only in cases tubes are no

viable alternatives and are subject to a range of strict conditions. In the case of vineyards, the slopes are
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so steep that there are significant health and safety issues around the application of pesticides using

tractor mounted sprayers.
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Rhine valley, which is integral to its classification as a World heritage site, is not possible without the use

of fungicides. The Polish CAs highlighteak tractor sprayers cannot apply pesticideseetops, which
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in the death of the trees. The Italian CAs emphasized that all requests forsgeaging in forestry were

supported by a range of technical data and in most cases;chemical products containing Bacillus
thuringiensis were used to control the pests. In Germany and Poland, in all cases where permits are
granted assurances on the saluse of pesticideare provided from control documents that verify that

the conditions of the permits were adhered Gommission, 2017; EU, 2017)

Although not reported to the EWvithin the UKthe Application Plan must be completed by aerial spraying
operators, with templates available on the website of the Healnd Safety Executive. The national
restocking and new planting levels are around 27,000 ha per annum across the UK. For the sites where
herbicide use is necessary as a last resort, the main options currently available to forest managers in the
UK are popyzamide, glyphosate or cycloxydim. Assuming 5% of sites might be treated, and 50% might fail
without treatment, this could lead to 700 ha failing each year, leading to replanting costs of up to £1
million per annum. There would also be loss of increnmard an increased period in the establishment

phase.
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Generally, industry, foresters, and farmers, opposed a general ban and favored a more flexible approach
(e.g, the introduction of legally binding minimum requirements for the use of aerial spraying
Environmental NGOs, consumer groups, and individuals, such as academics and citizens, were supportive

of a general ban, if not a total ban. Over the coursthefconsultation process the voices of those against

a general ban were better represented than those in favor of a restrictive ban. However, despite this
GARSALINBIR 2LILRaAGAZ2Y S GKS 9dNBLISEY [/ 2YYA&BEEAZY al
in its proposal for a directive submitted to the European Parliament and the Council i(2066loot,

Nikol, & Jansen, 2018k is felt by many that the ban in the EU has led to a reduction in the volume of
chemicals applied by air but that it also means that appropriate training and equipment inspections may

suffer consequently. In the UK a detailed guidance was preparedctra the Forestry Commissions
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remaining expertise on aerial spraying of forests before it is lost to the organiz&tidioughby, Evans,
& Jones, 2013)

Part Il Summary and Discussion

3.1 Available Reference Best Managent&actices (BMPs) and Guidance

The State of Maine requested that recommendations be made as to the safety of aerial forestry
herbicide operations considering risk to the public at lafjee State also requested that

recommendations to lower risk bmade in the form of BMPs and/or operational regulation

The authors of this report find nothing that would contradict the opinions of USEPA and others as

expressed on the herbicide labels that aerial application of herbicides can be used safely inatiimnsi

without causing undue risk to humans or the environment when applied following label guiddimes

State of Maine has developed additional guidance as given in Maine Board of Pesticide(@m (o)

WDdzA RF YOS T2 NJ (G KS nFoikst SettriggiiriCGrdér te2Minimiz&thelRiskOok IRsSharges

G2 { dzNF I. D& décumer mdtrénces Maine Rule@®sH H / 2 RS wd o W{ il yRI NR:
I LILJX A Ol { A 2 yThes& standardsinre Cohder8adiv@ and show a comprehensive undérgjand

of aerial application as precision agriculture that can be regulated accordifiglyunderstanding of

aerial spray physics as outlined in Part | of this document is demonstrated in the guidance given by the

State of Maine

There are two other standads that can be invoked he Maine guidance already emphasizes the role of

label guidance as law in the application of pesticiddse National Association of Aerial Applicators

(NAAA) also has detailed BMPs for the aerial application of pesticidesgroup has been very

proactive in addressing pressure on the industry brought both by environmental regulators and by the
insurance industryt KSANJ KIFyRo2217 Wb! ! ! tNRFSaaAz2ga f hLISNI (A
comprehensive operational guide and colile invoked as a detailed set of operating guidelines that

would nest under label guidance and the guidance laid out by the State of Maine in the documents

mentioned aboveAny proposed deviation from the NAAA Guidance could be filed as part of the

required Spray Plan and reviewed by BPC.
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organization (ISO) standard hashdn development for 10 years or so but should be published within

the next yearISO is based in Geneva, Switzerland, has great integrity, credibility and independence and
this standard could be used in a similar fashion to the NAAA guidelines alloR@pBeview

deviations.

3.1.1 SCS Global Services Report Review

The State of Maine commissioned an independent audit of aerial herbiciding practice in Maine forestry
This audit utilized a checklist that contained upward of 200 individual questions amgiled data The

firm contracted with was specifically selected for their independence and expertise in forBisery
conclusions of this report were that aerial applicators in Maine foresigng with the contracting
organizationsacted with professioalism, were well informed regarding safe practice, risk minimization,
and were meeting all legal and regulatory requiremeritsvas noted that the equipment used was

modern and allowed a high level of precision in pesticide applicafioa only discussh was around

GKS NBfSIaS KSAIKUG gKAOK ¢Fa 20aSNBWSR (G2 0S5 | NBdzy

applicator) but the regulation specifically states that the release height will be determined by the pilot

to accommodate considerations offedy.

3.1.2 Oregon Forestry Practice

Oregon Forest Practices Act is often cited as the gold standard in forest practice regtiatiaver,

gAGK NBaLISOG 2 GKS ljdzSadAazya i KFEYyR Ay (KAAZ
comprehensiveThe Orgon rules are generally focused on protection of waterways and are nested
under label restrictions which are relied upon to protect human health consideringuader pathways

Use of pesticides in Oregon is also subjected to the pesticide control laadsrigistered by the Oregon
Department of Agriculture and ODA administers an Oregon Pesticide Exam in the topical area of
forestry. The descriptions of forest requirements in ODA documentation references back across to the
Forest Practices Acthough it idifficult to pull specific requirements out of this 139 page, astall
requirements exist in the framework of the whole document, some are very relevant to the discussion
here! SNAFf | LILX AOF A2y 2F KSNDA OA RElands) aquatictudas b |

NE LJ

t 20

Type F, Type SSBT and Type D streams, the aquatic areas of large lakes, the aquatic areas of other lakes

with fish use or any area of open water greater than ¥ acre in edtettiese rules, a Type D stream is a

stream with domstic use but no fish use, a Type F stream has both domestic and fiskndsan SSBT
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stream is a Type F stream that is used by salmon, steelhead or bullAmig typical of this type of legal

document, there are 6 pages of term definitions, but busfare used extensively

tKA&a | OG0 SEGSYR& o0dzFFSNB F2NI AyaSOiAOARSa FyR TFdzy
biological pesticides though the regulations are clear that more stringent buffer zones may be imposed

in specific cases ainy type of chemical applicatiomhe act does offer that waivers are possible if any

restrictions (including label restrictions) impact the efficacy of a given application

3.2 More Stringent Regulatory Options

Using the information laid out iRart | of this report, there are a few options to improve targeting and
lower off-target movement of herbicide$senerally, as stated previously, aerial herbicide application in
Maine is done in an intelligent and careful way using existing knowledgentmtspray while achieving
efficacy Since droplet size is the main determinant of droplet movement and control, it is worthwhile to
discuss droplet size in the context of additional BMRsYy large droplets are already being used by all
aerial applicatos doing prep and release forestry work in Maine. Going to even larger droplets causes
logistical spray issues of rate and coverage, may lower efficacy and may cause uneven application
(striping) so mandating even larger droplets is not a good option lamdpray droplet size is to be used
in application is already stated in the pesticide lab®reviewing literature and talking to experts, it is

not clear what the relative span of the AccuFlo .02 nozzlehis manufacturer does not state the

relative pan RS (though claims it is low) and engineers performing these measurements have
expressed ofgoing uncertaintyThe manufacturer also states a volume median diameter of&ID
microns which is lower than the volume median diameter of 834 micronsdiatthe text As

discussed, the engineers doing the actual measurements of droplet size state that droplet size
measurements for these nozzles is difficblit they have confidence in the droplet sizes and relative
span stated in the texGiven the serisivity of drift to droplet size and relative span, this would be an
important question to clarifylt may also be an area where investment of public funds, government
pressure or encouragement and/or industry itselimbanswer this question. The elimiian of fines is

one of the ultimate goals of spray research and droplet siafrijese large orifice nozzles is difficult,

but modeling suggests a small decrease in relative span would be important.

Though release height is an important factor in droglentrol and drift, it is impossible to mandate this

as it must be left to pilot discretiomviation hazards increase at lower flying heights as discuséed
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SCS report referenced in Section 3.1.1 indicates that aerial applicators doing forestrierbiiziie

application in Maine are already flying remarkably low.

Maine guidance does not address the issue of nozzle placement within rotor diameter though it is
typically stated on herbicide labelsis common practice iMaine aerial herbicide applation to keep

nozzles inside of 75% of the rotor diametgtaine guidance could be updated to reflect this practice

Finally, it would be possible to lower maximum wind speeds allowed in aerial herbicide application in
Maine. The operational consequencé this would be to reduce the time windows available to land
managers to aerially apply herbicidd%his could be most consequential in release operations where

there is typically a4 week window when the young trees are less susceptible to herbiciglg.inj

Labels will rarely specify a maximum wind speed under 10 mph, and State guidance now sets limits of 2
10 mph in many circumstanceBPC guidance already specifies some buffers as a function of wind

speed it might be possible to institute a movingade, so that buffer width was dependent on wind

speed

As stated in Part I, long range drift of very small amounts of material is difficult to ad@hessnpact of
longrange drift is often stated in terms of biological endpoirg@ce the registereddnbicides used in

Maine have low human and environmental toxicities, the low levels of-tange drift should not be a

concern Any of the measures discussed in the report to lower drift should lower long range drift

However, it needs to be emphasizedattsome drift, though comprising a tiny fraction of the applied
herbicide, canocculb 2 RNAFUGQ Aa y2d | 3dzZ NF yiSS {KFaG Ol y

3.3 Alternatives

Part 1l of this document reports on alternatives to aeaipplication of herbicidesNote first that aerial
application has two advantages, it minimizes worker exposure and it is lightest on the ground in terms of
soil compaction and ground traffic and in terms of potential damage to young trees in releasei@eenar

As alternatives to aerial application, it is possible to apply herbicide by ground for both site prep and
release Backpack spraying is light on the surface, but very labor intensive and potential for worker
exposure is highrhe rates used in prepd release herbicide application would require frequent

refilling with the inherent spill and exposure hazards and the positioning of refilling points in the field
Utility vehicle spraying is an option, though more likely to damage young. iBetis smallehicle

movement and walking maye difficult in thick vegetation and may lead to inconsistent targeting
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Larger spray vehicles are occasionally used in this activity though the potential for damage to the
plantation would be high in release treatmenlisshould be noted that ground spraying scenarios are
y2 0 WyThistiRAl.T2017) measured drift from backpack and UTV spray scenarios and though
minor, drift did occurFrom an economic standpoint, available analyses presented in Part Il indtiatite
these activities are substantially more costly than aerial sprayifigen considering the fuel expended
in transporting equipment and personnel to a site, it is not clear what activity has a lower carbon
footprint. All of these activities require matial be transported to the sitéVhileno life cycle analyses
were found in the literature to address this issue fully, at a simplistic level the math points to lower
carbon usage (as gasoline) by helicopters (25 gallons per hour) tharéyaih vehcle (ATV)
applications (15 to 20 gallons per hour). On the groymayg vehicles probably consume more fpel
sitethan aircraftbecause of differences in how long the applications take this isspeculativeand will
be highly dependent on details site accessibilityThe carbon inputs of hand spraying are beyond the

scope of this discussion because they are more involved.

Alternatives to spraying are hand clearing and.flieese techniques are not used extensively in Maine
Fire has been used ineipreparation work in Maine but it is not clear whether this is in lieu of or in
conjunction with herbicide applicatiorire is not used in release work for fear of damaging young
trees. The availability of fire as a tool is influenced by local weatbaditions and may not be possible
or, conversely, prudent depending on moisture and wind conditiBasvn sides include air quality
issues, potential foloss of contrband a complicated carbon footprirfire may be a viable alternative

to spraying fossite preparation.

Manual land clearing, in the absence of herbicide use, is ionsuming, extremely labor intensive and
physicallydangerousProblems of labor shortages and short time windows accentuate economic issues
discussed in Part Il which showartd clearing to be many times more expensive than aerial spraying
should be noted that this is a rdrift activity and that air quality concerns around small engines and

crew transport are relatively minor.

The final alternative is no treatmerfart Il indicates that the economics of no treatment are poor
Planted tee growth is greatly retarded by competition from unwanted plants and the harvest

turnaround time is lengthened.

As expected, land managers have developed methods that are most economical, efficacious and timely

(these three factors are interlinked). Tdeconsiderations have resulted in the use of aerial spraying. If
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herbicide use is banned or restricted, the equation changes. If aerial application is further restricted,
ground spraying alternatives may take its place. If all herbicide use is furthectex hand clearing,

fire and no treatment, or combinations of these attee only other alternatives.

Part V. Recommendations and Suggested
Actions

Recommendations taccommodate concerns regarding aerial herbicide application in Maine forestry:

0) Set a maximum wind speed during application at 10 mph for all cases.
1) Set a maximum extent of nozzles on the boom at 75% of helicopter rotor diameter.
3) Require that adinticipated buffers used in aerial application of herbicides in forestry be shown

on all spray plan maps.

4) Require that all ISO standards regarding aerial application and all NAAA best management
practices be used except where specifically overridognegulation or direction from the State of

Maine.
Suggested actions:

1) Investigate the use of dynamic buffers around aerial spray operations based on stream
watershed size as in the current Timber Harvesting Standards, water body size and/or wind
speed As part of this investigation, evaluate buffer widths based on the AGDISP Stream
Assessment algorithm

2) Consider using a Drift Reduction Technology approach so that aerial applicators utilizing
technology such as advanced, réiate meteorological monitorig and/or automated swath off
set technology or ircockpit real time meteorological displays could be credited with narrower
buffer zonesThis could be left flexible to credit aerial applicators that invest in new
technologies as they arise to reduce drift

3) Evaluate the approach of a ban on aerial spraying of forest herbicide application with
derogation This could be worded so that derogation required that aeaplicators provide

evidence that alternate approaches arecessary
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4) Pursue clarification ahe droplet size distribution and relative span generated by the Alocu

.02 nozzle at the pressures used in Maine forestry aerial herbicide application
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Il Bo Evaluation of Potential No-spray Riparian Buffers

Evaluationof Potential No-sprayRiparianBuffersin Maine ForestryAerial Herbicide
Application Usingthe AGDISFStreamAssessmenAlgorithm

Preparedby Harold Thistle,PhD
11/24/2021

Introduction

Thereisinterestfrom Maine BPQo evaluatemethodsthat might be usedto setriparianbuffer widths
that would excludeaerialsprayingof herbicides Theexercisepresentedhere usestypicalinputsfrom
Maine aerialherbicideapplicationpracticeasinput to the AGDISPRerialSpraymodel Thereisan
algorithmcontainedin the AGDISH oolboxentitled StreamAssessmenandthis is usedto calculate
streamconcentrationgproducedby pesticidedropletsmovingthroughriparianforest stripsof various
widths and description.Thisalgorithmis basedon TeskeandIce (2002)andis basicallya one-
dimensionakhemicaldispersionrmodeladaptedto this problem Themodelis basedon basicfluid

dynamicsequationsbut isdrivenby inputsthat are often empiricallydetermined
Method and Inputs

Thisexercisebeginswith the BaseCaseasgeneratedfor ¥ | S NDApplcatiarh SitePreparationand
Releasén PlantationForestryin Maine (Thistleand Bonds,2021) Theoutput from the modeledBase
Caseaunisthen usedby the StreamAssessmenalgorithmasaccessedh the Toolboxpull down menu
in AGDISPAnexampleof the StreamAssessmeninput screenis shownin Figure 1 andthe inputsused
in this analysisare givenin Tablesl-3 alongwith calculatedstreamchemicalconcentrationsat n énd

M N ndovidstream

Thegeometryof the algorithmis shownin Figure 1. Thebasicgeometryof the applicationmodeledhere
assume25flight lineswith n ps@athwidth of M H Men@dh (Tablel). Thisresultsin anapplicationarea
of exactly25 acres More upwindflight linescouldbe added,but thesemore distantlinesaddlittle to
the streamdeposition. Thewidth of the riparianbuffer is calculatedasthe differencebetweenthe
distancefrom the downwindflight line to the buffer edgeandthe distancefrom the downwindflight
line to the streamcenterline This is the Buffer column shown in TaBldhe davnwind edgeof the

downwindmostswathwasalwayskeptH na@ayfrom the upwindbuffer edgein thesesimulationswith
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the exceptionof aworst casescenariowhereit wasloweredto m p Thedefaultsettingallowing30 secs

for aircraftturn aroundwasused resultsare not very sensitiveto thisinput.

Oneof the controllinginputsin this algorithmisthe riparianinterceptionfactor (RIF) Thedetermination
of this factor wasthe object of work by Thistleet al.,(2009) Generallythe factor appearedto be
around0.9 for the barrierstested TheStreamAssessmenalgorithmallowscalculationof this factor
basedon canopyheight, W LJ2 NRa@ndpiekfenttype (cylinder flat plate, etc.)andelementsize
However this calculationappearednot to be workingproperlyin the model (the samecalculationdone
at different timesgavedifferent answers) Therefore the observedRIFwvasusedbut to be conservative
andreflectthe variabilityin the measureddata, 0.9 wasconsideredhe highestRIFand0.7 wasusedas
the lowest Thelower numberallowsmore materialto passthroughthe barrierasreflectedin the

calculatedconcentrationsshownin Tables3 and4.

Basedon discussionsvith Maine BPCatarget chemicalconcentrationof 46 ppbwastargetedasa
biologicalendpointthat shouldnot be exceededTobuild thesesimulations jt wasnecessaryo
determinestreamdimensionsandflowsto useasmodelinputs. It quicklybecameapparent(aswell as
intuitively evident)that slowmoving,wide, shallowstreamswill showthe highestconcentrationsAn
important factor is the rechargerate asthis actsasa dilution factor. Twostreamswere input with
conservativadimensionsasedon the above Theseare the Mediumand SmallStreamsdescribedn
Table2. Thesestreamsare basedon thosediscussedn TeskeandIce (2002)basedon streamsurvey
datacollectedin Oregon Theystrikethe author asvery small,with low flow ratesandvelocities,so
shouldserveasappropriateconservativecases Therechargerate is alsobasedon resultsfrom Teske
andlce(2002)andis looselyscaledto the flow rate. Note that streamvelocityis not aninput to the
modelbut is calculated TheSmalland Medium Streamsnput to the modelfor this exercisehave

calculatedspeedsof 0.07 and 0.13mph respectively

Finally,chemicaldecayrate is aninput to the StreamAssessmendlgorithm Forthis exercisethis input
wassetto 0 to be conservativeThisinput is expressedn fractionsper day. Note that if the chemical
decaysat arate of 0.5 per day,for a streamflowing at 0.1 mph, about 2 hourshaselapsedvhenthe
chemicalslugpassesv n ndowiastream.So,at 50%decayper day,2 hoursis 1/12 or about 8%per day
or about4%o0f the total chemicalover 12 hours Sincethe decayrate curveoften describesa negative
exponential the decayin the first two hoursmaybe higherthan 4%but the point is that the O decay

assumptionis not overlyconservativan the nearfield calculationgresentedhere.
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IS Stream Assessment

-~ Geometry

Spray Ripanan Stieam

Block Barmer _;*j::%_L Stream
Spray Block Width: |7 ft
Spray Line 1210 ft Depth: |.5 ft
Lenath: Flow R v
Tum-Around Igg_ sec wRate: 26 g
Time: l Flow Speed: [0.0677 mph

Distance from edge of

Ripanan Interception Factor; |0,7 Compute |
‘ application area to |'30— ft
Instream Chemical Decay Rate: Ig 1/day center of stream:
Recharge Rate; |5 gal/s/mi Distance from edge of
application area to hs_ ft
niparian bamer:
Control

Calculate results at: & 3 single point. ( giventimefs]  given distancefs)

Provide one value and the others will be calculated.

Time: | sec

Distance: [1000 ft

Peak Conc.. [ ng/l(ppt)

Pot | Ewot | Cao

Figure. 1 ExampleStreamAssessmenscreenfrom AGDISP

Tablel. Fixedinputs

SprayLineLength(ft) 1210
TurnAround(sec) 30
ChemicaDecayRate(per day) 0
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Table2. StreamDescriptions

SmallStreamWidth(ft) 7
SmallStreamDepth(ft) 0.5
SmallStreamFlowRate(gal/sec) 2.6
SmallStreamRechargdRate(gal/s/mile) 5
Medium StreamWidth(ft) 7
Medium StreamDepth(ft) 15
Medium StreamFlowRate(gal/sec) 15
Medium StreamRechargdrate(gal/s/mile) 20
Results

Using46 ppb asathresholdnumberof interest, Table3 indicatesriparianbarriersof p fofoverresultin
downstreamconcentrationsn SmallStreamsof lessthan 4.6 ppbin all casescomputedhere. 4.6 ppbis
0.1 of the thresholdlevelof interest. Forexample assumingam n rip@rianbuffer, the stream
concentrationat n @wnstreamis 668 ppt assumindRIFof 0.9and2002ppt assumindrIFof 0.7. These
numbersare 0.015and0.044of the thresholdvalueof interest, respectively Correspondingaluesof
streamconcentrationare all lower for Medium StreamgqTable4). Note the effect of RIFasstream

concentrationvaluesmore than triple asRIFs loweredfrom 0.9to 0.7in Table3.

However with the abovesaid, Tables3 and4 do point out the importanceof buffersin reducingstream
concentrations Thealgorithmdoesnot allow a no-buffer control caseto be run, but it doesallowthe
effect of narrow buffersto be calculated If buffersare narrowedto m pirfwidth, and stand-offs from
the barrieredgeare lowered, Table3 showsthat streamconcentrationghen riseto 0.8 of the threshold

of interestfor a SmallStreamwith RIFof 0.7.
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Table3. SmallStreamBuffersand CalculatedConcentrations

Distancefrom Distancefrom
Edgeof App Riparian Concentration| Concentration
Edgeof App )
Areato Interception Peako ft Peakl1000ft
Areato Stream . Buffer (ft)
Center(ft) Rlp_arlan Factor downstream | downstream
Barrier(ft) (PpY) (Ppt)
70 20 50 9 2139 1699
95 20 75 9 1085 863
120 20 100 9 668 531
120 20 100 .8 1335 1062
120 20 100 7 2002 1592
30 15 15 7 36787 28869
Table4. Medium StreamBuffersand CalculatedConcentrations
Distancefrom Distancefrom
Edgeof App Riparian Concentration| Concentration
Edgeof App )
Areato Interception Peako ft Peakl1000ft
Areato Stream L Buffer (ft)
Center(ft) R|p§1r|an Factor downstream | downstream
Barrier(ft) (ppt) (ppt)
70 20 50 9 709 612
95 20 75 9 359 311
120 20 100 9 221 191
120 20 100 8 442 383
120 20 100 7 663 574
30 15 15 7 12228 10435
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Stream Assessment O X
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Maine Aerial Herbicide Application Base Case 103121 (StreamAssess111921)
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Figure2 Smallstreamdownstreamconcentrationswith RIF=0.8 and 1001t buffer. All elseasin Tablesl
and2.

Figure 2 isan exampleplot from the StreamAssessmenpull down to showother tools availablein this
algorithm.Thisplot isinterestingasit illustratesthe slowdilution calculatedby the modelwhen
chemicaldecayis setat 0 andthe rechargerate is setnearthe flow rate. Otherlossmechanismsuchas
bindingto organicmatter in the streamare not includedthoughthey couldbe incorporatedinto the

decayrate if known
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Conclusions

TheStreamAssessmenalgorithmin AGDISanbe usedto calculatepesticideconcentrationsn
streamssurroundedby riparianbarriers Thealgorithmhasnot beenwidely usedandwhile resultsfrom
comparisongo publisheddataare generallypromising the algorithmstill needswork andmore

comparisordatawould be helpful.

Many of the inputsthat the algorithmis sensitiveto needto be measuredempirically,thoughit is
possibleto makeconservativeestimatesof theseinputs. Themodelis very sensitiveto the stream
descriptionbut the physicaldescriptionof a specificstreamis not hardto measurewith the only more
difficult input beingthe rechargerate. Thisrate is lessimportant nearthe applicationarea Considering
thesefactors,the algorithmprobablyrepresentsa reasonabldool for usein the processof designing
buffer zoneseither ascategoriegsmall,medium,largestreams etc.) or to be usedin specificspray

plans

Finally the calculationgpresentedhere emphasizehe role riparianbufferscanplayin reducingspray
depositionto streams Reductionsappearto be dramaticsothey over-shadowmodelinadequacies
Giventhat other benefitsof riparianbarriers,involvingstreamecology sedimentloading etc., are
recognizedandriparianbuffersare alreadyusedin manycasesrequiringriparianbuffers of width
scaledto streamsizeseemsareasonableapproachin maintainingwater quality nearaerialherbicide

application
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Figure 3 Medium Streamdownstreamconcentrationsvith RIF=.8 and 1001t buffer. All elseasin Tables
land2.
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